THE 

TEXAS 

JOURNAL 

OF 

SCIENCE 

350460 


r 

PUBLISHED  QUARTERLY  BY 

THE  TEXAS  ACADEMY  OF  SCIENCE 

L 

SEISMIC  and  GRAVITY  SURVEYS  on  LAND  and  SEA 


•  DENSITY  LOGS  •  SEISMIC  AND  GRAVITY  INTERPRETATIONS 


A  complete  service  within  the  organization  with  the 
most  modern  equipment  and  highly-trained  personnel 


j/qVSTOM* 


'expi 


2626  WESTHEIMER  lYnchburg 


3781 


i 

' 

.1 

. 


1 007  South  Shepherd, 

HOUSTON.  TEXAS 


1932-1952  —  The  operations  of  SEISMIC  span  two 
decades  of  the  industry’s  most  intensive  search  for  oil. 
This  abundance  of  experience  provides  extra  assurance 
that  your  geophysical  exploration  program  is  in 
good  hands  at  SEI. 


toil  will 
[hul  the 
Humble  Dealer 

gear  p»r  ho,lie 


or  olliee 


n 


:  "f : 


mmst 


S8& 


you  cun 
depend  on 


STOP  FOR 
SERVICE 
UNDER  THE 
HUMBLE 
SION 


HUMBLE 


WHAT’S  NEW 

in  Texas  Soil  Conservation? 


Making  better  use  of  the  soil  is  a  job  for  chemicals,  too. 

This  year  Texas  is  watching  three  new  Dow  chemical 
developments  that  are  making  Texas  soil  more  productive 
than  ever. 

Out  in  the  ranching  country,  mesquite  is  meeting  its  master 
in  Esteron*  245,  one  of  Dow’s  newer  brush  killers.  Sprayed 
on  mesquite  by  air  or  by  ground  spray  rigs,  Esteron  245  is 
proving  to  be  the  most  economical  and  effective  way  ever 
developed  to  control  mesquite.  The  result  is  more  and 
better  range  grass  and  easier  working  of  livestock. 

In  the  cotton  sections,  much  interest  is  being  shown  in 
’’Premerge,”  a  new  pre-emergence  weed  killer  which  can  be 
applied  during  the  planting  operation.  Premerge*  prevents 
the  growth  of  many  small  seeded  weeds  and  annual  grasses, 
thus  giving  effective  weed  control  during  the  early  stages  of 
cotton  growth.  The  use  of  Premerge  fits  into  the  mechaniza¬ 
tion  of  cotton  growing,  making  the  soil  more  productive, 
cutting  costs  and  conserving  manpower. 

The  third  new  development  is  the  increasing  use  of 
anhydrous  ammonia  as  a  fertilizer.  With  the  completion 
of  Dow’s  new  ammonia  plant  in  Freeport,  Texas  has  gained 
a  ready  supply  of  anhydrous  ammonia.  A  newer  develop¬ 
ment  in  fertilizers,  it  has  shown  excellent  results  in 
increasing  yields  of  many  crops. 

The  Dow  Chemical  Company  is  proud  to  be  associated 
with  these  newer  developments  in  agricultural  chemistry 
that  help  the  Texas  rancher  and  farmer  alike  gain  the 
benefits  of  better  farming. 

^Trademark  of  The  Dow  Chemical  Company. 

THE  DOW  CHEMICAL  COMPANY 

Texas  Division  •  Freeport ,  Texas 

Industrial  Chemicals  •  Agricultural  Chemicals  •  Magnesium 
Pharmaceutical  Chemicals  •  Plastics 
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(You  can  probably  think  of  more) 


Quality.  Aquagel  is  the  highest 
quality  gel-forming  bentonite, 
from  the  world’s  largest  pro¬ 
ducer. 

High  Yield.  One  ton  of  Aqua¬ 
gel  makes  about  100  barrels 
of  15-centipoise  fresh  water 
drilling  mud. 

Suspending  Qualities  Excellent 
for  carrying  cuttings  out  of  the 
hole.  Keeps  cuttings  and  weight 
material  from  settling  during 
pauses  in  circulation. 


Lowers  Filter  Loss.  Aquagel  is 
universally  used  for  reducing 
filter  loss. 

Prevents  “Worn-Out”  Muds. 
This  colloidal  material  main¬ 
tains  or  restores  good  drilling 
mud  characteristics. 

Protects  Producing  Zones  with 
a  relatively  impermeable  filter 
cake  which  reduces  filtrate 
invasion. 

Minimizes  caving  by  consoli¬ 
dating  the  particles  of  loose 
formations  and  reducing  hy¬ 
drous  disintegration  of  shales. 

Aids  in  Checking  Circulation 
Losses. 

Keeps  Weight  Material  in  sus¬ 
pension. 

Aids  in  Preventing  Tight  Hole 
by  forming  a  thin,  slick, 
flexible  filter  cake. 


Aquagel  makes  stable ,  easily • 
controlled  muds  which  re¬ 
quire  minimum  maintenance. 

500  Baroid  Distributors 
are  ready  to  serve  you! 
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PLAN  FOR  AN  EXCAVATING  MACHINE  from  one  of  Leonardo  da  Vinci’s  note¬ 
books  (top).  The  working  model  (bottom)  was  constructed  by  Roberto  Guattelli, 
as  were  the  other  models  shown  in  the  following  pages. 
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LEONARDO  DA  VINCI  (1452-1519) 

ARTIST  AND  SCIENTIST* 

CHAUNCEY  D.  LEAK E 
University  of  Texas  Medical  Branch 
Galveston 

This  year  the  intellectual  world  will  celebrate  the  500th  anniversary 
of  the  birth  of  the  great  Italian  genius,  Leonardo'  da  Vinci.  He  was  bom 
in  a  little  hamlet  near  Florence  on  April  19,  1452,  of  a  Florentine  notary, 
and  a  peasant  girl,  Caterina.  Although  he  was  illegitimate,  his  family  fully 
recognized  him,  and  he  was  brought  up  by  his  grandfather.  Perhaps  the 
circumstances  of  his  birth  and  upbringing  had  much  to  do  with  the  extra¬ 
ordinary  psychology  of  his  character,  which  has  been  so  remarkably  analyzed 
by  Sigmund  Freud. 

Primarily  an  artist,  Leonardo  became  a  scientist.  The  result  was  that 
he  became  even  a  greater  artist  because  he  knew  so  thoroughly  the  details 
of  what  he  undertook  to  portray.  His  chief  characteristic  was  a  drive  for 
perfection.  In  this  there  was  great  tragedy,  since  unfortunately  he  could 
never  reach  the  goal  he  desired.  However,  his  artistic  achievements  are  con¬ 
sidered  to  be  the  high  point  of  the  Italian  Renaissance,  and  in  connection 
with  his  artistic  work  he  was  led  into  brilliant  scientific  investigations.  He 
undertook  first  a  scientific  analysis  of  form  and  function  which  was  aided 
practically  by  his  superb  draftsmanship. 

When  Leonardo  tried  to  learn  something  about  the  pigments  he  was 
using,  he  asked  the  chemists  and  apothecaries,  but  could  receive  little  satis¬ 
factory  information.  He  thereupon  studied  the  characteristics  of  pigments 
himself,  and  began  extensive  investigations  on  shading  and  colored  tints. 
This  resulted  in  the  development  of  chiaroscuro,  the  artistic  technique  of 
shading,  developed  in  such  a  way  as  to  give  depth  and  an  impression  of 
space.  In  this  connection  he  was  further  enticed  to  study  perspective.  This 
involved  much  mathematical  and  geometrical  analysis. 

When  Leonardo  wished  to  learn  about  the  human  body  in  order  to 
paint  it  realistically,  he  consulted  the  physicians.  Since  he  found  their 
knowledge  unsatisfactory,  he  was  impelled  to  make  his  own  anatomical 
studies.  These  continued  for  many  years  and  were  recorded  by  him  in 
copious  notes  with  clear  and  accurate  drawings.  Other  artists  followed  his 
example,  and  the  result  may  have  been  the  important  revival  of  anatomy 
as  a  basis  for  medicine  in  the  16th  Century. 

One  of  the  main  objectives  of  the  Renaissance  artists  was  to  depict 
nature  as  faithfully  as  possible.  This  required  much  skill  and  usually  was 
accomplished  by  team  effort.  Most  of  the  great  Renaissance  artists  worked 
in  groups,  in  order  to  achieve  the  greatest  possible  success  in  a  naturalistic 
portrayal  of  the  subject  of  the  painting  or  other  artistic  work.  This  function 
of  the  artist  remained  until  the  camera  was  invented.  After  the  camera, 
which  so  accurately  depicts  the  scene  involved,  there  was  no  chance  for  an 
artist  satisfactorily  to  compete.  Accordingly,  "modem  art”  with  a  technique 
to  give  "impressions”  came  into  vogue.  In  Leonardo’s  time,  however,  it  was 


*  Presented  before  the  Galveston  Art  League,  December  13,  1951,  and  on  the  television  series, 
“Science  in  Action”,  sponsored  by  the  Houston  Museum  of  Natural  History,  December  30, 
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the  business  of  the  artist 
to  attempt  to  record 
events  as  naturalistically 
as  possible.  Leonardo  ac¬ 
cordingly  studied  all 
phases  of  his  subject  mat¬ 
ter  with  intense  zeal  in 
order  to  be  as  accurate  as 
possible.  This  is  an  essen¬ 
tial  feature  of  the  scien¬ 
tific  effort. 

Leonardo  extended  his 
scientific  activities  to  di¬ 
rect  experimentation  in 
order  to  determine  the 
best  method  of  achieving 
what  he  wanted.  Unfortu¬ 
nately,  this  resulted  fre¬ 
quently  in  artistic  failure. 
He  knew  that  his  great 
masterpiece,  "The  Lord’s 
Supper”,  in  Milan  was 
doomed  while  he  was 
painting  it,  because  he 
used  an  experimental 
technique  which  was  not 
sufficiently  perfected.  On 
the  other  hand,  in  his  in¬ 
vestigations  on  the  hu¬ 
man  body,  he  undertook 
direct  physiological  exper¬ 
iments  of  great  importance 
and  interest.  Likewise,  his 

LEONARDO  S  sketch  for  a  parachute  genius  achieved  great 

practical  success  as  a  re¬ 
sult  of  experimentation  in  mechanical  devices  of  all  sorts  which  were  early 
incorporated  into  industrial  technique.  One  can  say  correctly  for  Leonardo 
that  he  was  a  scientist  because  he  was  an  artist,  and  that  he  became  a  great 
artist  because  he  was  a  scientist. 

Leonardo’s  scientific  activities  are  preserved  in  his  copious  notes.  It  is 
not  possible  to  judge  how  significant  they  were  at  his  time.  It  appears, 
however,  that  many  of  his  mechanical  inventions  were  quickly  adopted 
industrially,  and  became  part  of  the  ordinary  tradition  of  industry. 
Leonardo’s  notes  were  written  in  "mirror  writing”,  using  the  left  hand. 
This  seemed  quite  natural  to  Leonardo  but  was  the  source  of  unfavorable 
comment.  It  was  thought  that  he  was  in  league  with  evil  spirits  and  used 
a  secret  script.  Most  of  his  notes  were  collected  in  huge  folio  volumes,  which 
are  now  scattered  among  European  libraries.  Their  decipherment  and  publi¬ 
cation  has  only  occurred  within  the  past  century. 

Recently  working  models  of  most  of  Leonardo’s  mechanical  inven¬ 
tions  have  been  constructed  by  the  patient  Italian  craftsman,  Roberto 
Guattelli.  The  first  models  were  exhibited  before  World  War  II,  but  were 
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destroyed  in  Japan.  A  second  set  has  been  shown  in  various  museums  in 
this  country,  including  the  Dallas  Art  Museum.  Recent  exhibits  have  been 
made  possible  by  the  International  Business  Machines  Corporation. 

EARLY  FLORENTINE  CAREER 

Leonardo  began  his  artistic  career  in  the  studio  of  the  famed  Verrocchio 
in  Florence  in  1470.  Here  he  worked  with  a  vigorous  group  of  pupils  on 
all  sorts  of  artistic  endeavors,  including  paintings,  terracotta  statuettes, 
bronzes,  and  technical  details  of  preparing  wood,  canvas,  brushes,  pigments, 
bronzes,  and  clays.  Andrea  del  Verrocchio  (143  5-1488)  had  one  of  the 
most  active  artistic  studios  in  Italy.  With  him  were  Domencio  Ghirlandai 
(1449-1494),  Pietro  Perugino  (1446-1524),  and  Lorenzo  di  Credi  (1459- 
1  5  37).  Leondardo  strove  enthusiastically  in  this  environment. 

The  outstanding  pupil  of  Ghirlandai  was  Michelangelo  (1475-1564), 

and  the  leading  pupil  of 
Perugino  was  Raphael 
S  a  n  z  i  o  (1483  -  1520). 
Michelangelo  and  Raphael 
later  became  the  chief  ri¬ 
vals  of  Leonardo  for  pre¬ 
eminence  in  the  Italian 
artistic  Renaissance.  Leo¬ 
nardo  himself  had  no  pu¬ 
pil  to  compare  with  either 
Michelangelo  or  Raphael. 
A  large  number  of  young 
men  worked  with  him, 
but  none  of  them  were 
ever  able  to  achieve  his 
skill  or  satisfactorily  to 
follow  his  technique. 
Among  his  pupils  were  the 
tragic  Giovanni  Boltraffio, 
Ambrogio  da  P  r  e  d  i  s, 
Andrea  Solario,  Cesare  da 
Sesto,  and  the  gentle 
Francesco  Melzi  (1492- 
1  570).  It  was  the  latter 
who  so  well  cared  for 
Leonardo  toward  the  last 
of  his  life.  Melzi  also  care¬ 
fully  preserved  the  tre¬ 
mendous  number  of  notes 
and  manuscripts  left  by 
Leonardo,  which  have 
proved  to  have  such  extra¬ 
ordinary  scientific  value. 

While  working  in 
Verrocchio’s  studio,  Leo¬ 
nardo  was  accused  of 
homosexuality.  The  charge 
was  never  proven,  but  the 
trauma  may  have  per- 


MODEL  BY  GUATTELLI  from  da  Vinci’s  sketch 
of  parachute 
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sisted.  Leonardo  never 
married.  He  was  a  hand¬ 
some  man,  of  powerful 
physique.  It  is  said  that  he 
could  bend  a  horseshoe 
with  one  hand,  and  that 
he  prided  himself  on 
horsemanship  and  physical 
ability.  There  is  no  record 
of  any  love  affair  in  his 
life,  and  yet  he  seems  to 
have  had  a  thorough  un¬ 
derstanding  of  the  com¬ 
plicated  relationships  be¬ 
tween  the  sexes,  and  to 
have  made  all  sorts  of  ob¬ 
servations  upon  them. 

Leonardo  made  notes  on 
everything.  He  apparently 
intended  that  the  notes 
would  be  accumulated  at 
some  time  or  other  to 
form  books.  He  was  enor¬ 
mously  busy,  but  he 
seemed  to  have  little 
method  in  his  activities. 
He  was  such  a  universal 
genius  that  it  seemed  im¬ 
possible  for  him  to  keep 
himself  continually  at  any 
one  single  task. 

Although  Leonardo 
made  many  important 
mathematical  and  geomet¬ 
rical  studies,  he  seemed 
never  to  have  collected 
them  together  in  a  syste¬ 
matic  way.  He  was  a 
friend  of  the  mathematic¬ 
ian,  Luca  Pacioli  (D 
1509),  and  illustrated  one 
of  Pacioli’s  treatises.  He 
was  also  a  friend  of  the 
notorious  political  scien¬ 
tist,  Niccolo  Machiavelli 
(1469-1526).  Leonardo 
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GUATTELLI’S  MODEL  from  the 
above  design 


DA  VINCI’S  DESIGN  for  a  jack 


himself  made  many  acute  observa¬ 
tions  on  the  political  scene,  but 
made  them  usually  as  generalities, 
and  preserved  them  in  his  note¬ 
books. 

In  his  first  Florentine  period, 
with  Verrocchio,  Leonardo  painted 
details  on  the  "Annunciation” 
which  is  in  the  Uffizi  Gallery  in 
Florence.  He  also  made  a  charm¬ 
ing  "Madonna  and  Child”,  statu¬ 
ette  which  is  now  in  the  Victoria 
and  Albert  Museum  in  London. 
Here  he  began  to  paint  that  series 
of  Madonnas,  for  which  he  became 
quite  famed.  These  were  relatively 
small  paintings,  but  delightfully 
composed,  and  already  striking  for 
the  gentle  smile  on  the  face  of  the 
Madonna.  On  the  other  hand,  the 
Child  was  depicted  awkwardly. 

This  early  productivity  was  re¬ 
warded  by  Leonardo’s  entrance  into 
the  painter’s  Guild  of  St.  Luke  in 
Florence  in  1476.  He  quickly  re¬ 
ceived  important  commissions,  such 
as  the  "Adoration  of  the  Magi”, 
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which  is  now  in  the  Uffizi  Gallery  in  Florence,  and  the  great  "Madonna  of 
the  Rocks”  which  is  in  the  Louvre.  It  is  in  this  splendid  painting  that  all 
the  characteristics  of  Leondardo’s  genius  appear.  There  is  the  superb  com¬ 
position,  the  amazing  sense  of  space  and  perspective,  the  extraordinary  de¬ 
tail  in  drapery,  hair,  plants,  and  rocks,  and  the  disturbing  psychological 
implications  of  the  characters,  which  are  charged  with  high  emotional  con¬ 
tent  of  yearning,  sorrow,  hope,  and  resignation. 

Leonardo's  early  Florentine  experience  matured  him  rapidly.  He  was 
an  acknowledged  leader  among  the  great  Italian  artists,  and  was  attracting 
attention  by  the  keenness  of  his  observations  and  the  intensity  of  his  ancillary 
studies.  He  had  already  developed  the  full  characteristics  of  his  style  when 
he  had  the  opportunity  to  go  to  Milan  in  1482. 

LEONARDO  AT  MILAN,  1482-1499 

Under  the  rich  Duke  of  Milan,  Ludovico  Sforza,  Leonardo  had  the 
chance  to  indulge  himself  in  a  wide  range  of  scientific  and  engineering 
studies.  These  were  part  of  his  regular  court  duties.  He  was  charged  with 
arranging  official  entertainment,  taking  care  of  architectural  and  engineer¬ 
ing  problems  associated  with  the  decoration  and  expansion  of  the  palace, 
and  with  engineering  problems  involving  fortification,  irrigation,  and  build¬ 
ing.  As  a  consequence  Leonardo  engaged  in  an  amazing  series  of  extra¬ 
ordinary  scientific  adventures. 

It  was  at  Milan  that  Leonardo  apparently  began  his  detailed  anatomical 
studies.  He  was  a  friend  of  the  well  known  anatomist,  Marc  Antonio  della 
Torre  (1473-1506),  and  apparently  assisted  in  dissections  with  him,  as  did 
Michelangelo. 

Leonardo’s  anatomical  studies  were  inspired  by  his  desire  to  know  as 
much  as  possible  about  the  human  body,  in  order  to  portray  it  accurately. 
His  natural  curiosity,  however,  led  him  to  detailed  anatomical  investigation 
far  beyond  ordinary  artistic  requirements.  As  he  dissected,  he  made  a  fasci¬ 
nating  series  of  sketches,  and  indicated  an  extraordinary  number  of  experi¬ 
ments  which  he  undertook  to  solve  functional  relationships  in  various  parts 
of  the  body.  Leonardo  left  no  notes  about  the  methods  he  used  to  procure 
bodies  for  dissection.  It  must  have  been  an  arduous  undertaking.  There 
were  no  ways  to  preserve  decomposing  bodies,  so  Leonardo’s  anatomical 
studies  must  have  perforce  moved  rapidly. 

It  is  obvious  that  Leonardo  planned  a  large  anatomical  treatise.  He 
even  began  the  introduction  of  it.  His  notes  are  voluminous.  They  cover 
all  aspects  of  the  human  body,  and  give  comparisons  with  other  animals, 
including  birds.  Leonardo  was  thus  a  real  scientist  in  that  his  anatomical 
studies  became  comparative,  and  were  not  limited  merely  to  the  human  body 
and  the  information  that  could  be  derived  from  it  for  artistic  use. 

Leonardo’s  anatomical  notes  include  studies  on  bones,  tendons,  nerves, 
joints,  blood  vessels,  various  organs  of  the  body,  and  the  structure  and  func¬ 
tion  of  various  parts  of  the  body.  These  notes  were  kept  together  and  were 
apparently  being  revised  for  publication  when  Leonardo  died.  His  pupil, 
Melzi,  kept  them  carefully.  In  the  17th  Century  they  were  purchased  by 
Lord  Arundel  who  was  travelling  for  the  British  government  in  Italy,  and 
became  part  of  the  Royal  archives.  They  are  now  preserved  in  Windsor 
Castle. 

In  1911  there  was  undertaken  one  of  the  most  remarkable  international 
scientific  efforts  of  the  century.  The  anatomical  notes  of  Leonard©'  were 
edited  and  published,  together  with  the  illustrations,  and  with  English, 
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ANOTHER  PAGE  from  Leonardo’s  sketchbook.  The  proportions  of  the  human 

figure  after  Vitruvius. 
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A  HELICOPTER  designed  by  Da  Vinci  (above).  Guattelli’s  model  (below). 
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German  and  French  trans¬ 
lations.  Six  large  folio  vol¬ 
umes  were  issued  from 
Norway  between  1911 
and  1916,  during  the  tur¬ 
moil  of  World  War  I.  It 
is  interesting  that  Leo¬ 
nardo’s  anatomical  studies 
were  delayed  so  long  in 
publication,  and  also  that 
they  could  finally  have 
been  published  only  by 
international  cooperation 
even  in  the  midst  of  a 


great  war. 

It  is  clear  from  Leo¬ 
nardo’s  anatomical  studies 
that  he  had  an  excellent 
concept  of  the  structure 
and  function  of  the  mam¬ 
malian  body.  He  made  ex¬ 
haustive  notes  on  the 
anatomy  of  the  horse  for 
a  huge  equestrian  statue 
which  he  designed  for  the 
GUATTELLLS  MODEL  (above)  of  an  aerial  Duke  of  Milan.  This  statue 

bomb,  made  from  Leonardo’s  sketch  (below).  unfortunately  was  de¬ 

stroyed  by  French  invad¬ 
ers  while  it  was  still  in 
plaster. 

Leonardo’s  anatomical  studies  have  been  carefully  surveyed  by  mod¬ 
ern  scholars.  Although  he  missed  the  important  point  of  the  circulation  of 
the  blood,  his  sketches  are  extraordinarily  vivid  and  accurate,  and  his  de¬ 
scriptive  material  is  amazing  for  its  detail.  He  clearly  anticipated  the  great 
anatomists  of  the  16th  Century,  such  as  Vesalius  (1514-1564),  who  made 
modern  anatomy  possible. 
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SKETCHES  AND  MODEL  for  a  roller  bearing. 


LEONARDO’S  DESIGN  (top)  for  an  air  conditioning  ventilator. 
GuattelLi’s  model  from  same  (bottom). 
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In  addition  to  his  anatomical  studies  at  Milan,  Leonardo  also  engaged 
in  a  broad  range  of  botanical  and  zoological  observations.  He  drew  superbly, 
and  left  many  striking  studies  of  various  kinds  of  plants  and  animals.  He 
also  investigated  geological  formations  in  order  to  understand  the  stratifi¬ 
cation  of  rocks,  and  he  gave  a  correct  interpretation  of  fossil  remains. 

In  connection  with  his  engineering  and  architectural  responsibilities, 
Leonardo  made  many  important  mechanical  studies  while  at  Milan.  These 
resulted  in  the  development  of  practical  machines  for  stamping  coins,  for 
raising  nap  on  cloth,  for  improvement  in  printing,  and  in  the  development 
of  large  machines  for  excavating.  Leonardo  designed  drawbridges,  canal 
locks,  and  water  wheels  for  irrigation  purposes.  He  invented  projection 
machines  for  theatrical  entertainment,  and  used  a  revolving  stage  for  plays 
and  pageants.  Among  the  remarkable  inventions  of  Leonardo  at  this  time 
were  ball-bearings,  jacks  for  lifting  heavy  bodies,  and  instruments  for 
weighing  and  measuring.  By  designing  a  practical  diving  apparatus,  Leonardo 
was  led  to  the  invention  of  a  submarine.  In  addition,  he  made  extraordinary 
proposals  for  two-level  streets  and  for  traffic  regulations. 

Among  the  most  astonishing  of  Leonardo’s  studies  were  those  on  aero¬ 
dynamics.  He  had  long  been  interested  in  the  flight  of  birds.  He  observed 
birds  with  remarkable  accuracy  and  sketched  all  sorts  of  variations  of  wing 
design  and  flight.  The  practical  outcome  was  the  invention  of  an  effective 
parachute,  and  innumerable  attempts  to  achieve  actual  flight.  He  designed 
a  man-propelled  aeroplane,  but  unfortunately  it  did  not  work,  since  the 
motor  power  was  not  adequate.  On  the  other  hand,  he  planned  a  helicopter 
of  advanced  spiral  design  toward  which  some  of  our  modern  inventors  are 
working  now. 

The  outstanding  artistic  achievements  of  Leonardo  at  Milan  were  the 
portrait  sketches  of  the  various  members  of  the  court,  and  then  the  mar¬ 
velous  "The  Last  Supper”  in  the  refectory  of  Santa  Maria  delle  Grazie. 
Leonardo  worked  on  "The  Last  Supper”  for  many  years,  studying  various 
arrangements  in  the  composition,  and  paying  particular  attention  to  the 
psychological  characteristics  of  the  individuals  portrayed.  One  extraordinary 
story  relates  how  he  was  baffled  in  his  search  for  a  suitable  model  for  Judas. 
Finally  he  found  a  man  who  depicted  just  the  sort  of  avariciousness,  calcu¬ 
lating  design  and  bitterness  which  Leonardo  wished.  When  he  took  the  model 
with  him  to  the  mural,  the  man  said  that  he  had  been  there  before.  To 
Leonardo’s  astonishment  the  man  said  that  he  had  been  the  model  years 
before  for  the  head  of  Christ. 

Leonardo  left  Milan  when  the  city  was  over-run  by  the  French.  He 
took  service  for  awhile  under  Cesare  Borgia.  Most  of  the  time  was  taken 
with  campaigning  in  various  parts  of  Italy.  Leonardo’s  work  came  practi¬ 
cally  to  a  halt.  He  made  a  few  notes  on  engineering,  and  designed  an  extra¬ 
ordinary  number  of  war  machines.  These  included  tanks,  catapults,  machine- 
guns,  cannons,  and  aerial  bombs. 

LEONARDO  IN  FLORENCE,  1503-1512 

On  his  return  to  Florence,  Leonardo  undertook  a  competition  with 
Michelangelo  for  decorating  the  walls  of  the  Town  Hall.  He  proposed  a 
tremendous  mural  depicting  the  "Battle  of  Anghiari”.  Only  the  sketches 
for  this  extraordinary  masterpiece  have  been  preserved.  The  work  itself  dis¬ 
appeared  when  Leonardo  tried  a  new  experimental  method  to  put  a  glaze 
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upon  it.  The  outstanding  artistic  achievements  of  Leonardo’s  second  Floren¬ 
tine  period  were  the  portrait  study  of  “Mona  Lisa”,  and  the  great  “Virgin 
and  St.  Anne”,  both  of  which  are  in  the  Louvre. 

While  in  Florence  Leonardo  tried  to  get  his  notebooks  together.  He 
succeeded  in  arranging  his  notes  on  painting  in  such  a  way  that  a  satisfac¬ 
tory  treatise  could  be  published.  This  was  first  printed  under  the  title 
“Trattato  della  Pittura”  by  du  Fresne  in  Paris  in  1652.  An  English  trans¬ 
lation  appeared  in  London  in  1721. 

These  were  troublesome  times  in  Florence.  There  was  the  v.olent  re¬ 
ligious  disturbance  associated  with  the  fanatic  Monk,  Savanarola,  and  the 
associated  political  uprisings.  Leonardo  went  to  Rome  where  he  served  for 
a  couple  of  years  in  the  Vatican.  These  vears  again  were  sterile,  and  there 
was  apparently  not  even  an  opportunity  for  Leonardo  to  bring  together  his 
notes. 

CLOSING  YEARS  IN  FRANCE,  1516-1519 

In  1516  Leonardo  accepted  the  invitation  of  Francis  I  to  settle  in 
France.  Here  in  a  quiet  retreat  near  the  borders  of  Italy,  he  spent  the  last 
days  of  his  life.  One  arm  had  become  partially  paralyzed.  He  was  a  sturdy 
sorrowful  looking  old  man,  as  he  depicted  himself,  but  he  remained  full  of 
vigor  and  attempted  to  carry  on.  It  was  here  that  he  painted  his  last  great 
picture,  “St.  John,  the  Baptist”,  which  is  in  the  Louvre.  He  also  painted  a 
modification  of  this  called  “Bacchus”. 

Under  the  kind  care  of  his  pupil,  Melzi,  Leonardo  spent  his  last  days. 
He  was  visited  frequently  by  distinguished  persons,  and  took  what  delight 
he  could  in  showing  them  some  of  his  pictures  and  some  of  his  works.  At 
his  death,  his  surviving  paintings  went  into  the  French  Royal  Galleries, 
and  his  pupil,  Melzi,  took  care  of  his  notebooks. 

It  is  difficult  to  appraise  satisfactorily  the  amazing  versatility  and 
genius  of  Leonardo  da  Vinci.  Many  thorough  studies  have  been  made  of  his 
contributions.  The  most  complete  library  relating  to  Leonardo  da  Vinci  is 
that  which  has  been  collected  by  Doctor  Elmer  Belt,  the  distinguished  urolo¬ 
gist  of  Los  Angeles.  Doctor  Belt  and  his  librarian,  Doctor  Kate  Steinitz, 
have  described  in  attractive  brochures  the  remarkable  scope  of  the  manu¬ 
scripts  and  other  material  left  by  Leonardo.  These  have  been  studied  by 
many  scholars.  The  outstanding  available  publication  is  that  by  E.  McCurdy, 
"The  Notebooks  of  Leonardo  da  Vinci ”,  published  in  two  volumes  in  New 
York  in  1938. 

Most  helpful  for  an  undertaking  of  Leonardo  is  the  amazing  historical 
novel  by  Dimitri  Merejkowski  (1865-1941),  "The  Romance  of  Leonardo  da 
Vinci ”,  which  was  first  translated  into  English  in  1901,  and  which  is  avail¬ 
able  now  in  The  Modern  Library.  A  careful  study  of  the  anatomical  works 
of  Leonardo  was  made  by  the  Toronto  anatomist,  J.  P.  McMurrich, 
"Leonardo  da  Vinci ,  the  Anatomist” ,  published  by  Williams  and  Wilkins  in 
Baltimore  in  1930.  Doctor  J.  B.  deC.  M.  Saunders,  Professor  of  Anatomy  at 
the  University  of  California,  and  Doctor  Charles  O’Malley,  medical  his¬ 
torian  of  Stanford  University,  are  arranging  a  new  survey  of  Leonardo’s 
anatomical  works,  which  will  be  published  by  Henry  Schuman  in  New 
York  City  this  year.  An  astonishing  psychoanalytical  study  of  Leonardo 
was  made  by  Sigmund  Freud  and  was  translated  by  A.  A.  Brill  under  the 
title,  "Leonardo  da  Vinci :  A  Psychosexual  Study ”,  and  was  published  by 
Dodd,  Mead,  in  New  York,  in  1932. 
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Leonardo  remains  a  most  extraordinary  phenomenon.  He  was  an  amaz¬ 
ing  genius  in  art  and  science,  and  used  his  artistic  ability  and  his  scientific 
curiosity  to  supplement  each  other.  The  result  was  one  of  the  most  unusual 
contributions  ever  made  by  a  single  man  to  both  art  and  science.  Never¬ 
theless,  Leonardo’s  intense  passion  for  perfection  resulted  in  tragedy  as  far  as 
his  own  satisfaction  was  concerned.  Many  of  his  finest  works  were  lost  be¬ 
cause  of  his  desire  to  make  them  as  perfect  as  possible,  and  many  of  his 
most  important  scientific  contributions  were  ineffective  at  his  time,  again 
because  they  were  not  published  due  to  his  feeling  about  their  incomplete¬ 
ness.  Nevertheless,  Leonardo  paved  the  way  for  the  brilliant  development  of 
modern  science,  and  reached  the  climax  of  Renaissance  art.  It  is  probable 
that  Leonardo’s  scientific  interests  stimulated  his  contemporaries,  and  resulted 
in  many  effective  publications  in  which  his  influence  is  not  directly  stated. 
It  is  highly  fitting  that  scientists  everywhere  honor  the  500th  anniversary 
of  the  birth  of  this  great  scientific  genius. 


Elements  of  Bacterial  Cytology.  Georges  Knaysi.  Comstock  Publishing  Co.,  Ithaca,  New 

York.  Second  Edition.  375  pp.,  49  pis.,  123  figs.  1951.  $5.00. 

Elements  of  Bacterial  Cytology  is  well  written,  splendidly  illustrated, 
and  an  excellent  reference  work.  It  is  the  product  of  a  man  who  has  dis¬ 
tinguish  himself  as  a  microscopist  and  a  micurgist  and  has  mastered  the  use 
of  the  compound  microscope,  pure  culture  techniques,  micromanipulation, 
and  electron  microscopy  for  use  in  experimental  cytology.  It  is  concerned 
with  fundamentals  in  bacteriology  which  border  on  the  submicroscopic,  being 
a  limited  and  highly  technical  field  to  which  relatively  few  venture  or  find 
their  way.  Important  advances  have  been  made  in  bacterial  cytology  during 
the  past  seven  years  dating  from  the  first  edition  in  1944.  Many  of  these 
advances  were  largely  made  possible  by  the  new  micurgical  tool,  the  electron 
microscope.  Consequently,  its  use  has  increased  the  amount  of  research  that 
has  been  done  on  the  behavior,  composition,  morphology,  structure  and 
other  properties  of  microorganisms.  The  second  edition  required  the  re¬ 
writing  of  all  chapters  on  the  bacterial  cell  and  the  addition  of  a  new  chap¬ 
ter  on  its  composition.  Because  of  the  large  increase  in  knowledge,  about 
cytoplasm  and  the  nucleus,  two  separate  chapters  are  included. 

As  now  constituted  this  book  contains  1 5  chapters.  The  chapters  and 
what  they  are  concerned  with  are:  I,  Form  and  Size  of  the  Bacterial  Cell; 
II,  with  Chemical  Composition  and  Structural  Organization;  III,  Cytoplasm 
and  Cytoplasmic  Membrane;  IV,  The  Nucleus;  V,  the  Cell  Wall  and  Slime 
Layer  VI,  Physicochemical  Properties  of  the  Bacterial  Membranes;  VII, 
Vegetative  Reproduction;  VIII,  Vacuoles  and  Inclusions;  IX,  the  Motion  of 
Bacteria;  X,  the  Spores  of  Bacteria;  XI,  Staining;  XII,  Bacterial  Cultures; 
XIII,  Cytology  of  the  Actinomycetes;  (XI)  Cytology  of  the  Spirochetes; 
XV,  Cytology  of  the  Myxobacteria.  It  concludes  with  a  Bibliography  and 
Index.  This  book  stands  virtually  alone  in  its  field  and  brings  to  the  fore 
the  fact  that  with  the  aid  of  the  electron  microscope  many  bacteria  have 
what  appear  to  be  a  true  nucleus  rather  than  the  long  accepted  dispersed 
nucleus.  This  book  presents  so  much  of  interest  about  bacteria  that  the 
reader  is  referred  to  the  text  for  further  infomation. — e.  m.  Hildebrand. 
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THE  FEAST  DAY  DANCE  AT  ZIA  PUEBLO,  NEW  MEXICO 

AUGUST  15,  1951 


CHARLES  H.  LANGE 
Department  of  Anthropology 
The  University  of  Texas 

Among  Rio  Grande  Pueblo  Indian  tribes,  especially  those  of  Keresan 
linguistic  stock,  one  of  the  best  known  ceremonies  is  the  " Tablita  Dance,” 
or  as  it  is  more  commonly  called,  "Corn  Dance,”  or  "Green  Corn  Dance.” 
Non-Indians  are  permitted  to  witness  these  ceremonies  but,  with  very  few 
exceptions  among  the  Tewa  Pueblos,  cannot  photograph,  sketch,  or  make 
written  notes  upon  them.  The  rites  represent  a  most  interesting  blend  of 
native  religion  and  Spanish  Catholicism,  one  aspect  of  the  total  process  of 
acculturation  in  this  poly-cultural  area.  This  ceremony,  with  certain  varia¬ 
tions,  is  given  at  several  pueblos  from  once  to  four  times  annually.  Despite 
these  seemingly  favorable  aspects  for  research,  there  are  few  descriptive  ac¬ 
counts  of  these  ceremonies  published  (see  selected  bibliography  of  the  most 
detailed  descriptions  at  the  end  of  this  paper) ,  and  consequently,  a  thorough 
analysis  of  the  entire  Pueblo  complex  of  the  Tablita  Dance  has  been  im¬ 
possible.  The  following  account  is  offered  to  help  fill  the  need  for  additional 
descriptive  data.* 

*  This  ceremony  was  observed  as  part  of  the  field  research  made  possible  by  a  Grant-in- 
aid  from  the  Institute  of  Latin  American  Studies  of  the  University  of  Texas.  The  account 
is  one  of  a  series  planned  by  the  author.  In  attempting  comparative,  analytic  papers,  a  great 
lack  of  detailed,  descriptive  accounts  has  been  noted.  It  is  hoped  that  others  will  join  in  an 
effort  to  make  available  in  print  the  innumerable  accounts  now  in  personal  files  and  thereby 
facilitate  the  eventual  production  of  truly  significant  papers. 
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The  1951  Zia  Pueblo  Feast  Day,  August  15,  in  celebration  of  the  Feast 
of  the  Assumption  of  the  Blessed  Virgin  Mary,  Patron  Saint  of  Zia,  was 
conducted  in  the  usual  way,  the  Catholic  Mass  in  the  morning  followed  by 
a  T ablita  Dance. 

We  arrived  in  the  pueblo  shortly  before  the  procession  began  about 
10:30  a.m.,  at  which  time  the  image  of  the  Patron  Saint  was  carried  to  a 
shrine  of  cottonwood  boughs  which  had  been  prepared  at  the  south  end  of 
the  plaza.  The  procession  came  from  the  church  (Nuestra  Senora  de  la  Asun¬ 
cion  de  Zia),  accompanied  by  the  ringing  of  the  church  bell,  the  firing  of 
several  guns,  and  singing  of  the  local  Indians,  their  Indian,  Spanish- American, 
and  Anglo  guests,  and  several  Franciscan  Fathers.  On  reaching  the  plaza,  the 
procession  circled  the  plaza  once,  counterclockwise,  before  the  Saint  was 
placed  in  the  shrine.  Preceding  the  Saint  were  the  governor  and  lieutenant 
governor  of  Zia,  each  carrying  two  canes  of  office,  a  snare-drummer,  and 
three  men  carrying  two  candle  holders  and  a  cross.  Four  men,  including  two 
from  Cochiti  Pueblo,  carried  a  white  cloth  canopy  over  the  saint.  At  the  end 
of  the  singing,  people  in  the  procession  scattered  to  various  homes  or  stopped 
to  talk  with  friends. 

About  11  a.m.,  two  Koshari  entered  the  plaza  from  the  north,  singing 
and  shaking  deer-hoof  rattles.  They  were  closely  followed  by  the  war  cap¬ 
tain,  dressed  in  white  cotton  shirt  and  trousers,  who  spoke  or  sang,  although 
his  utterances  were  apparently  independent  of  the  Koshari  song.  The  three 
walked  first  to  the  south  end  of  the  plaza,  reversed  themselves  to  the  north 
end,  again  reversed  themselves,  returning  to  the  south  end,  reversed,  and 
came  to  a  halt  before  a  large  stone.  (At  Zia,  there  is  a  large  white  cross  in 
the  middle  of  the  western  side  of  the  plaza,  a  large  stone  in  the  middle  of  the 
plaza,  and  a  second  large  stone — approximately  two  feet  in  diameter  and 
two  feet  in  height — to  the  east.  This  second  stone  is  believed  to  be  the  one 
referred  to  as  "The  Montezuma  Stone,”  and  it  was  there  that  the  two  Kos¬ 
hari  and  the  war  captain  came  to  a  halt.)  The  men  alternately  sang  and 
talked  to  the  stone,  shook  their  rattles  at  the  stone,  and  slowly  circled  the 
stone,  moving  counterclockwise  in  a  side-shuffle.  The  war  captain  stood 
somewhat  to  the  side,  continuing  his  speech  or  song  but  not  moving  around 
the  stone.  After  circling  the  stone  twice,  the  Koshari  and  the  war  captain 
left  the  plaza  at  the  southwest  corner  and  proceeded  to  the  kiva  (Tur¬ 
quoise?),  singing  and  the  Koshari  shaking  their  rattles  as  they  walked. 

No  further  rites  occurred  in  the  plaza,  and  except  for  song  practice 
inside  the  kiva  while  the  dancers  were  dressing,  there  was  a  momentary  lull. 
About  noon,  a  drummer  climbed  from  the  kiva,  followed  by  several  chorus 
members,  who  formed  behind  the  drummer.  With  the  leader  intoning  the 
pitch,  the  first  song  was  begun.  At  this  moment,  the  carrier  of  the  pole  and 
one  Koshari  appeared  from  the  kiva  and  descended  the  steps,  followed  by  the 
dancers  in  a  long,  single  file,  each  man  followed  by  a  woman.  At  the  end  of 
the  line  came  the  second  Koshari.  The  chorus,  following  the  drummer,  and 
the  dancers,  following  the  pole  carrier,  then  moved  eastward  around  the  sec¬ 
ond  kiva  (Pumpkin  ?),  which  remained  unused  throughout  the  day,  and 
turned  northward  to  the  dance  area  just  below  the  Cam po  Santo  in  front  of 
the  church.  Flere  the  last  half  of  the  dance  line  broke  off  and  moved  forward 
until  the  two  lines  were  abreast  and  immediately  behind  the  pole  carrier.  The 
dance  then  began,  the  first  portion  being  carried  on  at  this  spot  in  honor  of 
the  Saint  and  the  Church. 


ZIA  KIVA 


The  composition  of  the  1951  dance  group  was  as  follows:  two  Koshari 
members  in  costume,  one  pole  carrier,  one  drummer,  a  chorus  of  twenty- 
seven  singers  (all  the  preceding  personnel  were  males),  and  two  lines  total¬ 
ling  seventy-three  dancers.  Both  lines  had  eighteen  men,  each  followed  by  a 
woman,  with  an  extra  woman  at  the  end  of  one  line.  The  one  hundred  and 
four  participants,  with  the  exception  of  one  woman  from  Jemez  Pueblo,  were 
from  Zia,  a  community  totalling  slightly  under  three  hundred  persons  at  the 
time. 

Further  details  on  the  dancers  revealed  that  all  women  danced  bare¬ 
footed  while  every  man  had  white  moccasions  with  red  tabs  and  skunk  fur 
ankle  guards.  Of  the  thirty-seven  women,  twent-seven  had  hair  which 
reached  below  the  shoulders,  in  many  cases  below  the  waist-line.  Of  the 
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thirty-six  men,  five  had  long  hair;  these  individuals  danced  at  the  heads  of 
the  two  lines.  The  proportion  of  long-haired  men  was  approximately  that 
seen  in  several  other  Tablita  Dances  during  the  summer  of  1951.  The  pro¬ 
portion  of  long-haired  women,  however,  seemed  considerably  higher  than 
that  observed  elsewhere,  with  the  possible  exception  of  Santo  Domingo.  Of 
the  chorus,  including  drummers  and  pole  carriers,  twenty  of  the  twenty-nine 
men  wore  their  hair  in  the  typical  chon  go;  in  addition,  both  Koshari  had 
long  hair. 

Members  of  the  chorus,  including  the  drummers  and  pole  carriers,  wore 
cotton  trousers  or  Levis  and  moccasins  with  or  without  knee-length  leggings. 
Brightly  colored  shirts,  cotton,  silk,  or  velvet,  and  headbands  completed  their 
costumes.  Several  had  small  branches  of  evergreen  (Douglas  fir)  under  their 
belts.  (This  evergreen  is  invariably  referred  to  by  the  Indians  and  in  the 
literature  as  spruce.  Every  sample  collected  from  dances  at  Zia  and  several 
other  pueblos  in  19  51  was  identified  as  Douglas  fir  ( Pseudotsnga  taxi  folia ) 
by  Dr.  Howard  J.  Dittmer,  Biology  Department,  The  University  of  New 
Mexico.  This  is  sometimes  termed  "false  spruce”  in  our  culture  and  "red 
spruce”  by  the  Pueblo  Indians.)  As  different  men  took  turns  carrying  the 
pole,  they  removed  their  headbands  while  performing  this  role.  This  was  not 
done  by  the  drummers  as  they  rotated  in  turns. 

The  male  dancers,  ranging  upward  from  boys  in  their  late  teens,  wore 
a  cluster  of  small  parrot  feathers  on  the  top  of  their  heads.  Those  with  long 
hair  allowed  it  to  flow  free.  Broad  dark  red  lines,  one  or  two,  were  drawn 
at  the  outer  corner  of  each  eye.  The  upper  portion  of  the  body,  naked,  was 
painted  blue  grey.  On  each  upper  arm  there  was  a  leather  band,  three  inches 
wide  and  painted  blue  grey;  several  sprigs  of  Douglas  fir  were  held 
by  each  band.  Each  man  carried  sprigs  of  Douglas  fir  in  his  left  hand. 
The  lower  portion  of  the  men’s  bodies  was  covered  by  the  usual  Hopi  dance 
kilt,  held  in  place  by  a  white  sash  and  woman’s  belt  tied  at  the  right  side. 
From  the  back  of  this  belt  was  suspended  a  foxskin,  hanging  tail  downward. 
Legs  were  painted  white  to  the  knee  and  blue  grey  below,  with  hanks  of 
yarn,  sleigh  bells,  and  a  few  turtle  shell  rattles  tied  just  below  the  knees. 
Many  dancers  wore  a  bandolier  of  shell  rattles  across  the  chest  and  over  the 
right  shoulder.  As  noted  earlier,  all  men  wore  white  moccasins  with  red  tabs 
and  skunk  fur  ankle  guards. 

The  women  were  all  adults  except  for  a  few  teen-agers.  Across  the  top 
of  the  head,  from  ear  to  ear,  each  woman  wore  a  tablita  from  which  the 
name  of  the  dance  was  derived.  This  thin,  wooden  slab  was  about  ten  inches 
wide  and  twelve  inches  high,  basically  a  rectangle  with  a  curved  indentation 
at  the  bottom  to  fit  the  contour  of  the  head  and  having  stepped  "cloud” 
designs  across  the  top  edge.  Pairs  of  turkey  feathers  were  at  each  top  corner 
and  mid-way  down  each  side.  They  were  primarily  turquoise  blue  with  trim¬ 
ming  of  red  and  yellow  combined  with  cutout  designs  of  considerable  variety, 
with  "T’s”  and  other  geometric  patters  appearing  most  frequently.  This 
variation  was  interpreted  as  meaning  that  at  Zia  these  tablitas  are  made  by 
each  individual  and  not  by  particular  officials.  This  latter  arrangement,  found 
in  certain  other  pueblos,  results  in  a  more  uniform  product.  A  red  circle 
(about  the  size  of  a  half  dollar)  had  been  painted  on  each  cheek  just  below 
the  outer  corner  of  each  eye.  Black  mantas  were  worn  by  all  women,  fastened 
over  the  right  shoulder,  and  secured  around  the  waist  by  a  woman’s  belt. 
Down  the  right  side,  along  the  joined  edges,  the  women  wore  brightly  colored 
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ribbon  bows  in  addition  to,  or  in  place  of,  the  more  usual  series  of  silver 
and  turquoise  pins.  The  women  carried  Douglas  fir  in  each  hand;  all  danced 
bare-footed. 

The  two  Koshari  dancers,  serving  as  side  dancers  and  general  managers 
throughout  the  day’s  proceedings,  were  dressed  alike  except  that  one  was 
bare-footed  while  the  other  wore  somewhat  frayed  moccasins.  They  wore 
upright  clusters  of  corn  husks  fastened  in  their  long  hair  on  each  side  of  the 
head.  Two  rabbit  fur  bandoliers,  forming  an  "X”  on  both  the  chest  and  the 
back,  comprised  other  true  Koshari  insignia.  The  entire  body  was  painted 
white  with  horizontal  black  bands  around  the  trunk,  arms,  and  legs.  A  black, 
ovoid  stripe  encircled  each  eye  and  the  mouth.  Black  breechcloths  with 
Douglas  fir  at  the  back  were  worn;  each  Koshari  carried  a  deer-hoof  rattle 
in  his  right  hand  but  nothing  in  his  left. 

The  pole,  or  dance  standard,  was  carried  in  each  dance  by  a  different 
chorus  member.  This  was  the  usual  Rio  Grande  Tablita  Dance  pole,  a  slender 
pealed  Douglas  fir  about  twelve  feet  long,  painted  white  and  topped  by  a 
cluster  of  parrot  tail  feathers.  At  the  base  of  this  cluster,  where  it  joined 
with  an  egg-shaped  wooden  ball,  there  was  a  fringe  of  red-orange  angora 
goat  hair.  The  ball  was  painted  turquoise  blue  with  a  median  band  around 
it  of  white  and  black  squares,  six  in  all.  A  second  red-orange  angora  fringe 
separated  the  ball  from  a  dance  kilt  and  foxskin,  secured  to  the  pole  as 
though  they  were  around  a  man’s  waist.  No  braided  rope  and  tassel  of  parrot 
feathers  was  used  on  this  pole  in  contrast  to  such  pueblos  as  Santo  Domingo 
and  Cochiti  where  four  of  these  are  used  on  each  pole  at  the  point  of  attach¬ 
ment  for  the  foxskin.  Below  the  kilt  and  foxskin  and  attached  to  the  pole 
for  about  six  feet  was  an  embroidered  dance  sash.  At  intervals  along  the  free 
edge  were  attached  six  eagle  tail  feathers.  Opposite  each  feather,  a  sleighbell 
about  an  inch  in  diameter  had  been  tied  to  the  pole. 

During  the  dance  this  pole  was  carried  and  never  rested  on  the  ground; 
it  varied  in  position  from  being  held  erect,  bobbing  with  each  step  of  the 
carrier,  to  a  nearly  horizontal  position  as  the  carrier  dipped  it  low  over  the 
dancers’  heads,  symbolically  shaking  its  blessings  upon  the  dancers  and  all 
the  people.  The  Zia  name  for  this  pole  was  not  obtained;  the  usual  reply 
being  that  it  is  the  same  as  among  other  pueblos,  or  that  the  person  ques¬ 
tioned  did  not  know.  Since  it  is  becoming  more  evident  that  each  pueblo  has 
a  distinctive  name  for  this  very  important  item  of  sacred  paraphernalia,  it 
will  be  of  interest  to  learn  eventually  the  true  Zia  name  for  it,  together  with 
the  associated  mythological  and  ceremonial  data. 

Four  drums  were  used  for  the  five  dances  held  during  the  day,  one  at 
a  time.  These  were  large  (about  three  feet  in  height  and  fifteen  to  twenty 
inches  across  the  heads),  two  headed  drums.  Two  were  pointed  out  as  being 
of  Cochiti  manufacture  (this  pueblo  is  famous  throughout  the  Southwest 
for  its  fine  drums)  ;  the  others  were  not  so  positively  identified.  One  was 
unusual  in  having  two  deer  painted  on  the  side,  the  usual  treatment  being 
solid  colors  with  half  circles  along  each  drum  head  painted  in  a  contrasting 
color. 

Following  the  dance  near  the  church,  the  group  moved  to  the  plaza, 
entering  from  the  north  and  circling  counterclockwise  before  they  reformed 
in  two  lines,  the  head  of  each  opposite  the  foot  of  the  other  line,  the  second 
phase  of  the  dance.  After  this,  the  two  lines  moved  back  and  forth  in  various 
formations,  sometimes  ending  in  three  circles  and  sometimes  in  five,  the  third 
phase  of  the  dance.  Dance  steps  for  the  men  consisted  primarily  of  "running 
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in  place,”  keeping  time  with  the  drum  and  slowly  advancing  through  the 
formations.  The  women  followed  closely  behind,  keeping  time  in  a  shuffle 
step,  the  feet  scarcely  leaving  the  ground.  The  men  also  kept  time  with  their 
rattles,  periodically  waving  their  right  arms  in  short  arcs,  and  the  women 
maintained  a  steady,  gentle  waving  of  the  evergreen  held  at  each  side  of  the 
body  with  a  slightly  flexed  arm.  After  the  dance  was  completed  (every¬ 
thing  thus  far  considered  the  first  dance) ,  the  dancers  filed  into  the  shrine 
to  the  accompaniment  of  the  snare-drummer,  and  paid  homage  to  the  Patron 
Saint.  After  this,  the  dancers  broke  formation  and  went  to  their  homes  and 
elsewhere  in  the  pueblo,  approximately  one  hour  after  first  appearing  from 
the  kiva. 

Four  more  dances  were  held  during  the  afternoon,  each  followed  by  a 
rest  period,  since  Zia,  unlike  other  Keresan  Pueblos,  uses  the  members  of 
both  kivas,  or  moieties,  together  instead  of  having  each  kiva  group  dance 
alone,  thereby  providing  a  rest  period  for  the  alternating  moiety.  Approxi¬ 
mate  times  for  these  dances,  all  held  in  the  plaza,  were  as  follows:  2nd — from 
2  to  2:30  p.  m.;  3rd — from  3:15  to  3:45  p.  m.;  4th — -from  4:00  to  4:30 
p.  m. ;  and  5th— from  5:00  to  5:30  p.  m.  For  each  dance,  the  drummer  and 
chorus  entered  the  plaza  first,  followed  by  the  pole  carrier  and  two  lines  of 
men.  Then  the  women  entered  in  a  group,  each  one  finding  her  place  behind 
the  proper  partner.  In  all,  four  or  five  different  men  carried  the  pole  while 
there  were  four  drummers.  The  first  drummer  also  drummed  for  the  fifth 
dance;  the  second  helped  in  the  fourth  dance  when  a  young  boy  (thirteen 
years  old,  we  were  told)  drummed  for  the  first  phase  of  the  dance.  The  older 
man,  who  helped  him,  carried  the  drum  and  beat  time  for  the  boy.  Several 
Indians  commented  that  this  boy  was  the  youngest  they  had  ever  seen,  or 
heard  of,  actually  drumming  for  a  T ablita  Dance.  Another  unusual  aspect 
to  the  drumming  was  the  performance  of  the  second  drummer  who  beat  for 
a  while  with  the  right  hand,  then  hooking  the  drum  to  an  inconspicuous  belt 
hook,  picked  up  the  rhythm  without  losing  a  beat  as  he  switched  to  the  left 
hand.  Several  Indians  from  neighboring  pueblos  stated  that  this  was  the  only 
man  they  had  known  who  could  do  this. 

Still  another  incident  evoked  considerable  comment  since  many  of  those 
present  had  never  seen  it  done  before.  During  the  second  dance,  the  leading 
dancer  of  one  line,  having  had  too  much  liquor  to  drink,  began  to  have  diffi¬ 
culty  keeping  formation  as  the  movements  of  the  lines  progressed  from  one 
formation  to  another.  Other  dancers  continued  with  little  apparent  concern, 
but  the  attending  Koshari,  as  a  side  dancer,  pushed  the  dancer  into  line  two 
or  three  times  and  spoke  sharply  to  him,  concealing  the  reprimand  in  his 
continuous  Koshari  chatter  and  banter.  For  the  remainder  of  the  second 
dance,  the  Koshari  hovered  close  by,  trying  to  keep  the  dance  formations 
intact.  At  the  end  of  the  dance,  the  participants  again  scattered. 

Some  fifteen  or  twenty  minutes  later,  the  two  Koshari  dancers,  a  third 
man  whom  we  were  told  was  the  Zia  Kwirena  Head  and  perhaps  the  kiva 
head  as  well,  and  the  errant  dancer  entered  the  plaza  at  the  southeast  corner 
and  proceeded  directly  to  the  same  stone  where  the  Koshari  and  war  captain 
had  held  their  brief  rites  earlier  that  day.  The  dancer  had  been  stripped  of  all 
his  dance  paraphernalia  and  was  clad  only  in  a  black  breechcloth.  His  body 
paint  remained,  and  there  was  one  large  feather  (eagle  ?)  in  place  of  the 
parrot  feather  cluster  which  had  been  on  top  of  his  head.  The  Koshari  shook 
their  rattles  and  sang  and  spoke  to  the  stone  for  several  minutes.  After  this, 
they  stepped  back  and  motioned  to  the  dancer  to  sit  with  his  back  to  the 
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stone,  facing  westward.  The  Koshari  and  Kwirena  Head  talked  with  him  for 
several  moments,  and  then  one  Koshari,  with  his  rattle,  drew  a  circle  in  the 
dust  around  the  dancer,  the  circle  being  about  five  feet  in  diameter.  With 
that  the  three  withdrew  from  the  plaza  by  the  same  route  they  had  entered. 

When  the  dance  lines  appeared  for  the  third  time,  there  was  another 
long-haired  man  in  the  place  of  this  dancer;  whether  he  had  been  recruited 
from  the  chorus  (probably)  or  elsewhere  was  not  ascertained.  While  no 
attention  was  paid  the  man  sitting  in  the  circle,  the  third  dance  progressed 
with  unusual  solemnity.  It  was  not  until  the  fourth  dance  that  the  tempo 
picked  up  to  the  pace  commonly  associated  with  Zia  dancing.  Other  Indians 
had  commented  earlier  that  the  Zia  seemed  "heavy”  in  their  dancing.  The 
man  in  the  circle  remained  there  for  the  duration  of  the  dance,  alternately 
looking  at  the  crowd  with  an  expressionless  face,  stretching  a  leg,  and  resting 
his  head  on  his  arms  folded  across  his  knees. 

At  the  close  of  the  fifth  dance,  the  war  captain  left  the  chorus  and 
went  to  the  front  of  the  shrine  where  he  spoke  for  about  five  minutes.  This 
speech  was  the  customary  expression  of  appreciation  of  everyone’s  cooperation 
in  honoring  the  Patron  Saint  and  helping  the  pueblo  as  a  whole.  Whether 
the  unfortunate  incident  was  also  referred  to  could  not  be  learned.  During 
the  speech,  the  two  Koshari  and  the  Kwirena  Head  approached  the  dancer 
and  talked  to  him,  more  or  less  screened  by  the  chorus  and  dance  lines.  Sud¬ 
denly,  the  man  rose  to  his  feet  and  walked  alone  from  the  plaza,  leaving  at 
the  southeast  corner  and  proceeding  to  the  kiva,  into  which  he  disappeared. 
The  speech  in  front  of  the  shrine  had  meanwhile  concluded,  and  various 
individuals  from  the  crowd  of  spectators  pressed  forward  to  carry  and  escort 
the  Saint  back  to  the  church.  As  the  Saint  passed  (this  time  carried  by 
several  women),  it  was  protected  again  by  the  cloth  canopy  and  followed 
by  people  carrying  old  Zia  pottery  vessels  filled  with  native  foodstuffs  as  well 
as  doughnuts  wrapped  in  cellophane.  The  two  lines  of  dancers  kneeled,  form¬ 
ing  an  aisle  through  which  the  procession  left  the  plaza,  and  crossed  them¬ 
selves  as  the  Saint  was  carried  past  them. 

After  this,  the  chorus  led  by  the  drummer,  and  the  dancers,  led  by  the 
pole  carrier,  but  now  grouped  into  a  cluster  of  men,  followed  by  a  cluster 
of  women,  left  the  plaza  at  the  southwest  corner  and  proceeded,  dancing  all 
the  way,  to  the  kiva.  In  front  of  the  kiva  steps  they  paused  to  dance  several 
minutes,  at  which  time  they  were  liberally  supplied  with  presents  of  food 
from  the  relatives  of  the  delinquent  dancer.  From  other  Indians,  we  learned 
that  the  dancing  back  to  the  kiva  and  in  front  of  it  and  the  offering  of  food 
constituted  "punishment,”  or  what  might  more  accurately  be  termed  "atone¬ 
ment”  for  the  misfortune  incurred  by  the  community  that  day.  They  com¬ 
mented  that  the  punishment  of  sitting  (or  standing)  in  a  circle  was  tradi¬ 
tional  in  their  home  pueblo  and  elsewhere  although  it  was  less  frequently 
used  at  present.  They  volunteered  the  further  observation  that  they  had  never 
seen  this  punishment  administered  in  public  before  but  only  within  the  con¬ 
fines  of  a  kiva.  They  added  that  the  man  had  no  one  but  himself  to  blame 
and  that  the  incident  would  undoubtedly  serve  as  a  strong  deterrant  in  the 
future,  not  only  to  this  individual  but  to  many  others  who  had  witnessed 
the  incident.  One  person  predicted  that  there  would  be  a  meeting  of  the 
pueblo  (Council  of  Vrinci pales  ?)  that  night  and  the  man  would  be  expected 
to  apologize  to  the  entire  pueblo,  after  which  the  incident  would  be  con¬ 
sidered  closed.  Others  were  not  so  certain  that  the  episode  would  be  so  easily 
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and  gently  dismissed.  Without  exception,  the  Indians  who  commented  upon 
the  incident  expressed  approval  of  the  method  in  which  the  Zia  authorities 
had  met  the  situation. 

A  final  note  on  the  ceremony  concerns  the  embroidered  cloth,  about 
three  feet  wide  and  four  feet  long,  which  hung  on  the  back  wall  inside  the 
shrine.  This  was  the  gaotiye,  noted  by  White  (1942:  343)  for  Santa  Ana, 
Zia,  and  San  Felipe  Pueblos.  The  Zia  cloth  was  a  dark,  chocolate  brown,  and 
it  appeared  to  have  two  horizontal  rows  of  three  tablitas,  or  possibly  kachina 
masks,  woven  or  embroidered  upon  it.  On  hasty  observation,  the  six  figures 
appeared  identical,  or  nearly  so,  and  of  approximately  the  same  size,  each 
one  being  about  twelve  inches  in  both  height  and  width.  One  or  two  narrow, 
horizontal  bands,  including  orange  and  grey  segments,  were  near  the  bottom 
of  each  figure.  In  general,  the  pattern  of  this  highly  sacred  article  seemed 
less  intricate  than  that  seen  in  the  gaotiye  at  Santa  Ana  on  the  Feast  Day 
there,  July  26,  1951. 

Conclusions  regarding  this  ceremony,  due  to  the  factors  mentioned  at 
the  beginning  of  this  paper,  are  not  warranted  at  present.  In  general,  the  Zia 
ceremony  compares  very  closely  to  the  Tablita  Dances  observed  at  the  Rio 
Grande  Keresan  villages  as  well  as  Jemez  Pueblo.  The  most  obvious  diver¬ 
gences  occur  in  the  practice  of  merging  the  Zia  moieties,  or  kiva  member¬ 
ships,  into  a  single  dance  unit;  at  the  neighboring  pueblos,  each  kiva  group 
functions  as  a  unit  and  alternates  with  the  other  moiety.  The  usual  explana¬ 
tion  of  this  merger  at  Zia  is  the  greatly  reduced  population  which  makes  the 
dual  system  unworkable.  How  long  ago  the  dual  system  was  abandoned  could 
not  be  learned,  but  it  was  apparently  several  decades  ago.  Further  observation 
and  inquiry  at  Zia  is  needed  to  learn  what  changes  are  made  from  the  odd- 
numbered  years  in  which  the  Koshari  is  the  managing  society  and  the  even- 
numbered  years  in  which  the  Kwirena  Society  takes  charge.  Ramifications 
of  this  unique  arrangement  will  afford  valuable  data  in  completing  our 
understanding  of  the  Pueblo  Indian  Tablita  Dance. 
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T.  S.  C.  held  a  Science  Open  House  on  March  4th  from  6:30  a.m.  to 
10:30  p.m.  This  show,  under  the  sponsorship  of  the  Science  Department 
and  with  the  cooperation  of  the  public  schools  and  numerous  science  minded 
citizens  and  business  firms,  was  enjoyed  by  more  than  1,000  visitors. 
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A  tremendous  amount  of  time,  money,  effort  and  publicity  is  spent 
upon  the  education  of  young  people.  Almost  every  magazine  frequently 
carries  articles  concerning  the  shortage  of  classroom  space  and  of  compe¬ 
tent  instructors  in  our  high  schools  and  colleges.  We  all  know,  however, 
that  the  basic  four-,  five-,  or  seven-year  college  education  which  we  obtain 
at  the  beginning  of  our  career  is  an  extremely  small  portion  of  the  instruc¬ 
tion  and  learning  which  it  is  necessary  to  accumulate  if  one  is  to  maintain 
a  successful  existence  thereafter.  Indeed,  there  seems  to  be  some  disparity 
between  the  amount  of  attention  called  to  the  basic  4-year  educational  pro¬ 
gram  and  the  amount  of  similar  effort  devoted  to  the  40-year  program 
which  an  adult  undertakes  in  his  daily  living. 

This  matter  of  adult  education  is  of  great  concern  in  some  circles  and 
the  underlying  causes  for  the  situation  may  be  attributed  to  several  factors. 
One  is,  of  course,  the  fact  that  formal  learning  is  easier  during  the  adoles¬ 
cent  years,  before  other  patterns  of  interest  and  activity  are  formed.  Then 
other  things  intervene,  other  activities  take  up  time,  and  we  do  not  expect, 
of  course,  that  an  equal  amount  of  time  will  be  placed  in  education,  but 
that  a  considerable  amount  of  time  and  effort  will  be  placed  on  practice 
and  use  of  already  acquired  information. 

An  adult,  if  he  is  to  be  successful  in  his  career  or  business,  cannot, 
however,  completely  ignore  the  necessity  of  acquiring  additional  knowledge 
and  information  as  he  goes  through  life  because,  in  these  days,  as  Alice  so 
pointedly  remarked  after  her  journey  through  the  looking  glass,  "One  has 
to  run  so  fast  merely  to  keep  going  backwards.”  Although  there  is  in  this 
world  a  considerable  amount  of  repeated  routine  effort  and  work,  likewise 
there  are  constantly  new  challenges  to  be  met  and  new  problems  to  be 
solved.  In  order  to  work  upon  these  problems  and  challenges,  it  is  necessary 
that  a  continuous  inflow  of  new  ideas  and  information  be  assured. 

We  cannot  neglect  the  fundamental  facts  that  adults  and  particularly 
senior  adults  who  have  been  out  of  school  for  many  years  are  in  the  posi¬ 
tions  of  executives — those  who  make  the  major  decisions  and  formulate  the 
major  plans  of  our  economy.  It  is,  therefore,  extremely  desirable  that  infor¬ 
mation  be  constantly  placed  at  the  disposal  of  these  people  in  order  that 
they  may  keep  themselves  in  the  very  forefront  of  changing  times. 

It  is  upon  this  stage  then  that  we  find  the  setting  for  industrial  re¬ 
search.  There  may  be  some  in  the  audience  who  take  exception  to  the  use 
of  the  term  "industrial  research”,  holding  that  research  by  its  very  nature 
is  not  industrial.  I  wish  to  use  the  term  at  this  time  to  indicate  that  type  of 
work  in  which  one  looks  for  a  solution  to  one’s  problems  beyond  the  imme¬ 
diate  field  of  current  and  traditional  endeavor.  Perhaps  additional  explana¬ 
tion  is  necessary  to  make  this  point  clear.  I  am  trying  to  convey  the  im¬ 
pression  that  all  too  often  we  find  ourselves  in  the  position  of  the  man  who 
is  busily  wearing  his  nose  down  upon  a  grindstone  and  cannot  get  his  eyes 
sufficiently  far  away  from  that  grindstone  to  focus  upon  the  problem  and 
see  exactly  what  is  happening  to  him. 
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Perhaps  an  illustration  of  an  actual  case  will  clarify  the  picture"'  One 
does  not  often  think  of  mathematical  statistics  as  having  a  place  in  factory 
operations,  particularly  in  the  field  of  inspection,  where  it  is  desired  to  insure 
that  every  part  produced  complies  with  the  drawings  and  specifications.  If 
a  very  large  number  of  parts  are  to  be  produced,  a  tremendous  amount  of 
time  must  be  expended  in  examining,  measuring,  and  checking  these  items. 
This  work  is  usually  very  monotonous  due  to  its  repetitive  nature.  Efforts 
have  been  made  from  time  immemorial  to  reduce  this  expensive  and  unpopu¬ 
lar  operation.  The  first  thought  which  occurs  to  one’s  mind  is  to  inspect 
only  a  small  portion  of  each  lot,  say  10  or  20  per  cent.  The  question  then 
arises,  does  this  20  per  cent  represent  the  entire  lot,  and  what  assurance 
do  we  have  that  the  remainder  of  the  lot  does  not  contain  unacceptable 
errors?  One  way  out  of  this  problem  is,  of  course,  to  inspect  the  entire  lot 
and  we  are  right  back  where  we  started,  excepting  that  we  now  believe  that 
by  inspecting  the  entire  lot,  we  will  look  at  each  and  every  single  piece  and 
we  will  thereby  assure  ourselves  by  personal  checking  that  those  pieces  do 
conform  to  the  specifications.  However,  here  is  a  point  where  psychology, 
and  the  factors  of  human  activity  enter.  As  I  mentioned,  this  work  is  repeti¬ 
tive  and  monotonous,  and  human  efficiency  being  what  it  is,  we  find  that 
it  is  a  rare  case  in  100  per  cent  inspection  where  an  unsatisfactory  part  is 
not  classed  as  a  satisfactory  one,  or  vice  versa. 

Here  is  a  case  where  we  have  carried  traditional  operations  to  its  ulti¬ 
mate  extent.  We  have  carried  out  the  basic  routine  of  inspection  as  it  was 
done  in  the  time  of  our  fathers  and  forefathers,  carried  it  out  carefully  and 
meticulously  on  each  and  every  piece.  However,  we  still  do  not  have  a  satis¬ 
factory  answer.  Our  problem  consists  in  finding  a  workable  compromise 
between  two  factors  which  compromise  may,  perhaps,  be  better  than  either 
one  of  the  single  items.  The  partial  inspection  procedure  may  be  analyzed 
mathematically  so  that  although  we  have  not  seen  every  piece  manufactured, 
at  the  same  time,  we  can  by  mathematical  induction  assure  ourselves  that 
the  ones  inspected  have  very,  very  small  probabilities  of  being  different 
from  those  shown  by  the  sample.  At  the  very  worst,  these  probabilities  may 
safely  be  deduced  by  observation  of  those  of  the  sample  which  is  inspected. 
By  so  treating  the  results  of  the  sample  mathematically,  we  then  find  it  un¬ 
necessary  to  inspect  the  entire  lot,  we  eliminate  the  large  amount  of  mo¬ 
notony  and  repetition  of  the  inspector,  and  we  are  able  to  maintain  his  effi¬ 
ciency  at  a  much  higher  rate.  Thus,  better  inspection  can  be  obtained  by 
inspecting  fewer  pieces. 

Although  building  construction  has  made  many  advances  in  the  last 
century  as  regards  basic  design,  and  the  application  of  scientific  principles 
to  constructional  features,  yet  the  actual  fabrication  of  buildings  has  ad¬ 
vanced  very  little,  if  any,  in  the  last  several  hundred  years.  A  tremendous 
amount  of  handwork  is  involved  in  the  construction  of  a  wall  made  of  in¬ 
dividual  bricks  or  other  small  pieces.  A  considerable  amount  of  construction 
in  Texas  is  made  of  reinforced  concrete  and  it  has  been  the  custom  to  cast 
the  upper  floors  and  roof  slabs  in  place.  That  is,  the  contractor  first  builds 
a  forest  of  temporary  timber  work  which  supports  the  mold  for  the  con¬ 
crete  and  then  he  carries  the  concrete  from  the  ground  in  small  wheel  bar- 
rows  up  to  an  upper  floor  level  and  allows  it  to  harden. 


*Business  Week,  June  30,  1951,  p.  45. 
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This  process  is  necessarily  wasteful  because  of  the  tremendous  amount 
of  timber  work  which  not  only  must  be  placed  and  later  removed,  but  also 
because  of  the  fact  that  the  concrete  is  carried  to  the  upper  floors  in  small 
batches.  It  is,  we  might  say,  working  by  retail  rather  than  by  wholesale. 

The  Youtz-Slick  Building  Method  attempts  to  overcome  some  of  the 
expense  of  building  by  attacking  these  two  basic  problems.  In  this  method 
each  slab  is  cast  on  the  ground  in  the  same  order  as  it  will  be  erected  in  the 
future.  The  ground  floor  slab  is  poured  first  and  then  after  it  has  set,  the 
first  floor  is  poured  on  and  then  the  second  floor,  roof  slab  and  so  on.  Then 
after  these  slabs  have  set,  they  are  elevated  by  a  sort  of  boot-strap  mechan¬ 
ism  to  their  final  places  and  then  welded  in  place  on  the  lifting  columns. 
That  this  method  of  construction  is  a  practicable  one  is  seen  by  its  adoption 
for  many  commercial  structures.  Perhaps  some  of  you  have  seen  the  new 
buildings  at  Trinity  University  which  have  shown  a  cost  saving  of  more 
than  1 5  %  when  compared  with  conventional  construction  methods. 

Taking  another  example  in  the  field  of  building  construction,  one  reason 
for  sometimes  slow  progress  in  this  field  is  the  great  expense  entailed  in 
experimental  work.  Homes,  factories,  and  office  buildings  are  by  their  very 
nature  large  projects  and  it  is  extremely  hazardous  in  an  economic  fashion 
to  experiment  with  one  which  might  not  be  satisfactory  for  occupancy. 
Although  some  work  on  small  scale  structures  has  been  done  in  various  fields 
of  civil  engineering,  we  have  not  been  able  to  find  that  it  has  been  previ¬ 
ously  applied  to  reinforced  concrete. 

It  is  with  the  feeling  of  pride  then,  that  we  consider  the  1  / 1 2 th  scale 
concrete  building  models  which  we  have  constructed.  In  these  models,  all 
the  constituents  of  the  concrete,  large  and  small  aggregates,  and  reinforcing 
rods  have  been  scaled  down.  These  models  have  been  constructed  in  a  study 
to  observe  how  various  types  of  foundation  slabs  act  under  various  founda¬ 
tion  conditions.  With  the  use  of  these  models  it  has  been  possible  to  design, 
develop,  and  test  over  a  half  dozen  slabs  in  the  last  six  months  at  a  very 
small  fraction  of  the  cost  that  would  be  required  had  full  size  slabs  been 
used.  One  minor  by-product  of  this  program  is  that  of  disposition  of  the 
tested  slabs.  If  full-size  slabs  had  been  used,  it  would  have  been  practically 
impossible  and  certainly  very  expensive  to  break  them  up  and  remove  them, 
but  the  small  slabs  present  no  such  difficulty  and  even  may  be  retained  in 
the  laboratory  for  future  reference  without  compromising  any  large  amount 
of  storage  space. 

Developments  such  as  are  represented  by  these  two  widely  diverse  illus¬ 
trations  are  of  the  type  which  can  be  expected  from  industrial  research.  It 
is  the  industrial  research  institute  pattern  of  operation  which  makes  possible 
the  bringing  together  of  ideas  from  diverse  fields,  and  focussing  them  on  a 
single  problem.  Our  ancestors  were  not  completely  ignorant  and  incapable 
of  self  improvement  and  we  find  that  they  have  made  tremendous  contribu¬ 
tions  to  the  economy.  However,  there  is  always  a  limit  to  what  can  be  done 
by  a  single  individual.  There  is  at  present  a  tremendous  number  of  people 
engaged  in  scientific  and  industrial  activity  in  the  world  and  to  keep  in¬ 
formed  on  all  their  developments  and  to  be  familar  in  all  those  fields  is  nowa¬ 
days  entirely  impossible.  During  the  past  one  thousand  years,  we  can  observe 
how  the  activities  of  our  scientific  geniuses  have  become  successively  more 
and  more  limited  so  that  we  now  seldom  find  people  skilled  in  more  than  a 
small  portion  of  one  field.  Hence,  with  all  these  developments  and  with 
so  many  people  having  had  opportunity  to  work  upon  problems,  it  is  un- 
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likely  that  we  find  much  work  in  the  applied  sciences  being  done  by  indi¬ 
vidual  investigators.  It  is  by  teamwork  and  cooperative  effort  in  bringing 
together  the  possible  applications  of  different  sciences  to  a  new  problem  that 
results  in  its  eventual  solution. 

In  thus  bringing  these  new  solutions  to  the  industrialist,  factory  owner, 
or  operator,  industrial  research  is  contributing  to  his  education,  is  informing 
him  of  new  methods  and  devices  which  may  be  applied  in  his  industry  and 
new  outlets  for  his  activities.  In  addition  to  such  direct  educational  work, 
a  considerable  amount  of  indirect  work  also  results  from  the  existence  of  the 
industrial  research  institute.  For  example,  the  assemblage  of  200  or  3  00 
specialists  in  a  common  staff  usually  results  in  moving  into  a  community 
specialists  of  a  type  which  did  not  previously  exist  in  that  area.  Our  own 
community  was  one  which  was  previously  well  stocked  with  capable  per¬ 
sons  in  the  fields  of  petroleum  exploration,  production,  and  refining,  also 
cattle  breeding,  and  building,  and  highway  construction.  FFowever,  there  was 
somewhat  of  a  shortage  in  the  fields  of  industrial  electronics,  equipment 
design,  and  factory  operation. 

We  now  have  at  Southwest  Research  Institute,  one  of  the  leading  air¬ 
craft  designers  in  the  country,  a  specialty  which  had  not  previously  existed 
here  outside  of  the  large  aircraft  factories  at  Fort  Worth  and  Dallas.  Some 
of  these  specialists  are  engaged  in  direct  teaching  in  evening  schools,  con¬ 
veying  some  of  their  knowledge  to  other  persons  in  the  community.  The 
Institute  also  holds  an  Open  Fiouse  program  once  a  year  at  which  the  general 
community  is  invited  to  examine  the  laboratories  and  facilities  and  to  see 
the  various  types  of  work  which  are  in  process  and  which  can  be  under¬ 
taken.  In  addition  to  these  activities,  a  general  program  of  publicity  and  co¬ 
operation  with  local  clubs  and  social  groups  results  in  disseminating  informa¬ 
tion  through  the  adult  community. 

We  are  particularly  proud  of  our  library  at  Southwest  Research  Insti¬ 
tute.  Its  collections  contain  about  10,000  bound  volumes  and  several  hundred 
series  of  technical  magazines.  Considering  the  range  of  subjects  covered  from 
agriculture,  grazing,  biology,  chemistry,  engineering  mechanics,  physics,  and 
some  other  subjects,  it  is  not  a  particularly  large  library,  but  one  that  is 
highly  specialized  in  its  individual  field.  While  this  library  was  being  as¬ 
sembled  it  was  found  necessary  to  go  to  such  other  libraries  as  that  of  Rice 
Institute  in  Houston  and  of  the  University  of  Texas  at  Austin  to  borrow 
books  and  to  consult  their  files.  Naturally,  our  dependence  upon  these  insti¬ 
tutions  is  rapidly  decreasing  and  indeed  we  are  now  finding  it  difficult  to 
obtain  specialized  information  in  these  collections.  Our  reliance  on  outside 
assistance  has  now  shifted  markedlv  to  specialized  libraries  such  as  that  of  the 
Bexar  County  Medical  Library  and  those  at  Brooke  General  Hospital  and  the 
Randolph  Field  School  of  Aviation  Medicine. 

The  library  at  Southwest  Research  Institute  is  a  public  library  in  the 
sense  that  it  may  be  freely  consulted  by  anyone  at  any  time  during  the  regu¬ 
lar  working  hours.  This  service  is  becoming  used  to  an  increasing  extent  by 
many  persons.  We  are  also  particularly  proud  of  our  relations  with  the  nearby 
educational  instutions  in  San  Antonio — Trinitv  University,  Our  Lady  of  the 
Lake  College,  and  St.  Mary’s  University,  with  which  we  have  cooperative 
library  and  research  arrangements. 

From  the  rather  diverse  examples  which  I  have  given,  the  impression 
may  be  gained  that  we  are  attempting  to  cover  almost  as  many  fields  of 
scientific  endeavor  as  the  University  of  Texas.  Such,  however,  is  not  the 
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case.  The  basic  program  with  which  we  operate,  containing  the  fundamental 
factors  with  which  we  entered  this  educational  field,  are  four  in  number. 

These  include  first  and  foremost  the  field  of  Housing  Technology.  There 
is  certainly  no  field  of  human  activity  in  which  more  common  grounds  for 
meeting  can  be  found  than  in  the  construction  of  proper,  adequate,  and 
economical  housing. 

Second,  Oceanography  and  Meteorology.  It  is  not  sufficient  to  have 
housing  but  also  there  is  the  question  of  climatic  conditions  in  which  we 
live.  Although  we  do  not  yet  know  any  way  in  which  we  can  markedly 
influence  climatic  conditions,  they  can  be  studied  and  other  activities  such 
as  crop  selection,  cattle  breeding,  or  building  construction  chosen  to  adapt 
those  conditions  most  effectively  to  human  welfare.  In  the  field  of  oceano¬ 
graphy,  much  remains  to  be  done.  Science  has  already  reduced  fishing  from 
an  art  to  a  science  and  the  catching  of  many  types  of  fish  right  here  in  the 
Gulf  of  Mexico  is  performed  with  an  amazing  array  of  instrumentation  in 
the  fishing  fleet.  The  astounding  possibilities  of  this  region  may  be  presented 
at  a  glance  by  noting  that  the  Gulf  of  Mexico  is  capable  of  producing  at 
least  2  14  times  as  much  animal  life  as  comparable  land  areas  of  the  State  of 
Texas. 

The  third  field  of  activity  is  that  of  Petroleum  Technology.  Here  no 
explanation  is  necessary.  All  of  us  know  to  what  extent  the  local  economy 
is  tied  up  with  the  petroleum  industry. 

The  fourth  and  final  of  our  original  program  divisions  is  that  of  Fire 
Technology.  With  an  annual  fire  damage  of  over  $700,000,000,  it  is  easily 
seen  that  fire  control  is  a  major  problem. 

A  few  months  ago  my  account  would  have  ended  with  those  four  di¬ 
visions  and  I  wish  it  were  possible  to  so  end  it  now;  however,  world  condi¬ 
tions  being  what  they  are,  Southwest  Research  Institute  has  a  division  of 
Military  Research  and  Development  and  we  have  been  forced  to  add  the 
development  of  firearms  and  other  weapons  to  the  list  of  new  skills  which 
we  have  imported  into  this  area. 

In  summary,  during  these  past  few  minutes  I  have  pointed  out  the 
necessity  for  taking  an  active  part  in  adult  education  and  in  carrying  new 
advances  directly  into  the  workshops  and  offices  rather  than  waiting  for  the 
adults  to  come  outward  to  search  for  it  themselves.  I  have  shown  the  role 
of  a  typical  industrial  research  organization  in  attacking  this  problem  and 
have  pointed  out  a  few  of  the  ways  in  which  work  has  been  undertaken  and 
a  few  of  the  contributions  which  have  already  been  made  to  improve  the 
existence  and  economic  status  of  our  citizens. 
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THE  SANTA  ANA  PRE-CERAMIC  SITE 
A  REPORT  ON  A  CULTURAL  LEVEL  IN 
SANDOVAL  COUNTY,  N.  M. 

GEORGE  A.  AGOGINO 
Department  of  Anthropology 
University  of  New  Mexico 

Prior  to  195  0  pre-pottery  culture  levels  in  central  New  Mexico  were 
vague  and  ill-defined.  Surveys  for  pre-ceramic  sites  were  not  intense, 
as  Basketmaker  material  usually  did  not  extend  this  far  north,  and  the 
nearby  Estancia  Valley  or  Clovis-Portales  area  seemed  much  more  promising 
for  survey  work.  However  in  the  last  year  a  number  of  interesting  sites 
have  been  found  in  the  Rio  Grande  drainage  west  of  Albuquerque. 

Dr.  Florence  Hawley  Ellis  and  her  husband,  Bruce,  worked  on  the 
Atrisco  grant  just  west  of  Albuquerque  and  found  hundreds  of  small  sites 
on  or  near  the  surface  that  appeared  to  be  characteristically  different  from 
the  known  cultures  in  the  area.  Dr.  Ellis  reached  the  conclusion  that  this 
material  should  be  known  as  the  Atrisco  focus  of  the  San  Pedro  stage  of 
the  Cochise  culture.  The  decision  was  based  upon  an  analysis  of  the  lithic 
material  obtained  from  these  sites. 

Dr.  Frank  Hibben  at  the  same  period  uncovered  a  very  similar  cultural 
layer  about  twenty  feet  in  depth  in  a  side  arroyo  of  the  Rio  Puerco  a  few 
miles  west  of  Belen.  Although  these  sites  were  largely  sterile,  enough  lithic 
material  was  found  to  indicate  a  great  similarity  to  the  Atrisco  culture.  In 
addition  enough  charcoal  for  carbon  14  dating  was  obtained  from  the 
hearths. 

Two  other  sites  have  been  located  by  Dr.  Hibben  recently.  The  first 
is  a  blue  clay  deposit  at  the  foot  of  the  Manzano  mountains  at  a  spot  known 
as  Comanche  Springs.  Bones  of  an  early  type  of  bison  as  well  as  some  lithic 
material  have  been  found  in  association.  In  the  second  site,  a  gravel  pit  near 
Albuquerque,  crude  artifacts  and  bones  of  extinct  animals  were  found  in 
the  same  locality  and  at  about  the  same  depth.  However  the  material  on 
both  of  these  sites  is  very  ill-defined  on  the  whole  and  it  must  be  assumed 
on  the  basis  of  the  extinct  animal  bones  that  these  sites  are  older  than  the 
Cochise-like  sites  presently  being  discussed. 

In  May  of  1951  a  workman  excavating  at  the  new  site  of  St.  Joseph’s 
College  in  Albuquerque  uncovered  fragments  of  a  skull,  including  a  human 
jawbone,  and  a  section  of  a  nasal  cavity.  The  depth  of  discovery,  six  and  a 
half  feet  below  the  surface  in  a  bed  of  gravel  suggested  respectable  antiquity. 
This  material  was  presented  to  Dr.  Paul  Reiter,  the  physical  anthropologist 
at  the  University  of  New  Mexico. 

The  skeletal  material  after  examination  was  declared  to  be  that  of  a 
male,  18-25  years  of  age  at  death,  and  probably  contemporaneous  with  the 
newly  uncovered  Cochise  like  culture  being  found  in  the  area.  This  was 
based  on  its  location  in  situ,  relative  lack  of  teeth  wear,  and  high  degree 
of  fossilization. 

In  the  early  spring  in  1951  I  headed  a  group  of  graduate  students  on  a 
survey  of  surface  sites  in  the  Santa  Ana  land  grant.  At  this  time  the 
Cochise-like  culture  of  central  New  Mexico  was  not  well-defined  or  formu- 
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lated.  Because  of  this  we  were  actually  looking  for  evidence  of  either  the 
earliest  culture  horizons  or  relatively  modern  sites.  However  it  was  our 
good  fortune  to  uncover  a  series  of  the  most  concentrated  and  lucrative  of 
the  recently  uncovered  Cochise-like  sites. 

The  party,  consisting  of  myself  and  Robert  Bradley,  Mercedes  Merner 
and  Hugo  Cotter,  graduate  students,  as  well  as  one  undergraduate  student, 
Edward  Hill,  mapped  out  the  probable  extensions  of  this  site  area  and  lo¬ 
cated  the  individual  sites  in  the  most  concentrated  locality. 

Pre-ceramic  cultural  remains  were  found  in  deep  arroyo  charcoal  lenses 
as  well  as  surface  deposits  south  of  State  Highway  44  five  to  fourteen  miles 
northwest  of  the  town  of  Bernalillo.  However,  the  central,  most  concen¬ 
trated  site  area  was  found  in  two  adjacent  arroyos  across  the  Jemez  River 
and  directly  south  of  the  pueblo  of  Santa  Ana.  Here  over  thirty  arroyo 
lenses,  four  to  sixteen  feet  in  depth,  have  been  located  as  well  as  approxi¬ 
mately  fifty  surface  deposits. 

This  area  is  one  of  gentle  rolling  hills  cut  by  arroyos  of  moderate 
depth.  Pronounced  erosion  on  the  surface  is  indicated  by  exposed  tree  roots, 
as  well  as  sandstone  and  travertine  deposits  that  have  eroded  through  the 
surface  in  a  multitude  of  unusual  shapes.  The  majority  of  the  travertine 
outcrops  are  of  a  broad  fan  shape  while  the  sandstone  has  been  exposed  in 
cone  shaped  outcrops.  At  the  mouth  of  the  arroyos  large  sand  dunes,  devoid 
of  vegetation,  lie  in  an  unbroken  line  for  almost  a  mile.  Although  no  con¬ 
clusive  evidence  can  be  obtained  at  present,  it  appears  likely  that  much  of 
the  material  that  appears  to  have  been  eroded  from  the  area  of  the  sites  has 
come  to  form  these  desolate  sand  dunes.  In  view  of  the  number  of  evidences 
of  savage  erosional  forces  acting  in  this  area,  it  is  reasonable  to  assume  that 
the  surface  deposits  uncovered  in  this  area  could  have  respectable  antiquity. 

The  arroyo  lenses  are  found  four  to  sixteen  feet  below  the  surface.  The 
soil  above  the  lenses  is  generally  uniform  except  for  faintly  defined  gravel 
lenses  in  some  sites.  One  to  seven  consolidated  adobe  layers  about  one  inch 
thick  are  found  between  the  charcoal  lens  and  the  surface  in  many  cases. 
The  charcoal  deposits  themselves  generally  lie  one  to  four  feet  above  a  red 
sandstone  layer.  As  mentioned  before,  in  some  sections  the  sandstone  has 
eroded  to  the  surface,  either  exposing,  or  destroying  the  charcoal  deposits  in 
that  area. 

The  vegetation  of  the  area  of  greatest  site  concentration  consists  of 
juniper  trees,  sparse  patches  of  gramma  grass,  and  various  varieties  of  cactus. 
The  surface  is  sandy  except  for  blowout  areas  which  expose  the  underlying 
sandstone  or  travertine  deposits. 

SURFACE  SITES 

Approximately  fifty  surface  charcoal  deposits  have  been  found  in  a 
circular  area  about  a  half  mile  in  diameter  and  roughly  coinciding  with 
the  area  of  the  principal  arroyo  lenses.  The  surface  deposits  are  generally 
circular  and  about  five  to  twenty  feet  in  diameter.  Many  of  these  deposits 
produce  large  pieces  of  rock,  usually  broken  and  discolored  by  heat.  It  is 
believed  by  the  writer  of  this  paper  that  these  rocks  are  the  remains  of  stone 
encased  fire  hearths.  The  depths  of  the  charcoal  deposits  is  from  one  inch 
to  two  feet.  One-handed  manos,  broken  basin  metates,  teardrop  shaped 
blades,  heterogeneous  points,  scrapers,  cores  and  crude  choppers  were  found 
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in  the  hearths.  A  number  of  bones,  highly  fossilized,  were  also  found  in 
close  association  with  these  hearths.  To  this  date  no  pottery  has  been  found 
associated  with  any  of  the  hearths  in  this  locality. 

ARROYO  SITES 

There  are  approximately  thirty  pronounced  charcoal  lenses  in  two 
principal  arroyos  in  this  concentrated  site  area.  The  lenses  are  generally 
found  four  to  sixteen  feet  below  the  surface.  They  vary  from  one  to  twenty 
feet  in  length  and  from  one  inch  to  two  feet  in  depth.  The  average  lens 
is  about  six  feet  below  the  surface,  six  feet  in  length,  and  one  foot  in  depth. 
The  general  shape  when  cut  down  from  the  surface  is  round,  about  the 
same  shape  as  the  surface  deposits.  Approximately  the  same  type  of  artifacts 
erode  from  these  lens  except  that  there  is  a  slightly  lower  percentage  of  tear 
shaped  blades.  As  in  the  surface  deposits  no  evidence  of  pottery  has  been 
uncovered  to  date. 

Five  of  these  arroyo  lenses  hold  special  interest  for  the  archaeologist. 
From  two  of  the  most  representative  lenses,  one  from  each  of  the  principal 
arroyos,  adequate  charcoal  samples  have  been  obtained  for  carbon  14  dating. 
Some  of  the  charcoal  gathered  is  fully  two  inches  across  the  grain.  The 
wood  has  been  identified  by  Dr.  Florence  Ffawley  Ellis  of  the  University 
of  New  Mexico  as  juniper,  the  prevalent  tree  in  the  area  today. 

The  initial  artifact  found  in  situ  was  a  point,  photographed,  then  re¬ 
moved  from  the  arroyo  bank  at  a  depth  of  nine  feet.  This  artifact,  1  qt,  of 
figure  I,  was  found  several  feet  from  a  charcoal  lens  but  on  the  same  level. 
The  point  is  complete  and  unbroken.  Unfortunately  its  typological  shape  is 
such  that  it  would  fit  equally  well  into  the  Cochise,  Basketmaker,  or  Pueblo 
cultural  levels. 

In  the  deepest  arroyo  lens,  sixteen  feet  below  the  surface,  four  large 
flat  rocks  were  found.  These  travertine  stones  were  approximately  eighteen 
to  twenty-four  inches  in  length.  All  lay  directly  above  the  charcoal  deposit 
and  all  were  discolored  by  heat  on  the  underside.  Whether  these  stones  repre¬ 
sent  the  remains  of  a  very  large  stone  fire  hearth,  or  whether  they  represent 
the  remains  of  some  other  unidentified  structure  is  not  known  at  the  present 
time.  It  is  obvious  to  any  one  who  visits  this  site  that  these  stones  have  been 
purposely  placed  in  this  fashion.  At  the  present  time  only  one  of  these  stones 
has  been  removed,  the  rest  are  still  in  situ.  The  actual  size  of  this  hearth,  or 
what  other  stones  may  still  be  unexposed,  will  be  determined  only  after 
larger  scale  excavations  have  been  conducted. 

The  final  arroyo  lens  to  be  specifically  discussed  holds  interest  in  three 
ways.  Seven  distinct  consolidated  adobe  layers  are  to  be  found  between  the 
surface  and  the  charcoal  lens  some  twelve  feet  below  the  surface.  Well 
defined  strata  like  this  should  enable  a  competent  geologist  to  more  easily 
date  this  culture.  Dr.  Ernest  Antevs  has  tentatively  promised  to  date  this  site, 
as  well  as  the  other  Early  Man  sites  in  the  central  New  Mexico  area  in  the 
near  future.  A  second  interesting  feature  shows  the  charcoal  lens  to  lie  upon 
a  consolidated  adobe  layer  and  at  the  extreme  left  to  plunge  downward 
at  almost  right  angles  through  this  consolidated  layer.  If  we  are  to  consider 
this  charcoal  lens  as  representing  a  culture  level  on  an  adobe  surface,  then 
the  break  through  the  adobe  was  probably  deliberate  and  by  human  means. 
The  final  feature  again  concerns  the  pronounced  adobe  strata  at  this  site.  All 
of  the  adobe  strata  are  level  and  horizontal  except  the  one  directly  above  the 
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charcoal  deposit  which  continues  level  until  reaching  the  area  above  the 
hearth,  then  forms  a  concave  cist  over  the  deposit,  again  returning  to  its 
level  position  on  the  other  side  of  the  charcoal  deposit.  It  is  the  opinion 
of  Dr.  Hibben  as  well  as  myself  that  this  may  well  be  the  cross-section  of 
a  house  site.  If  this  is  true,  this  will  be  the  first  house  site  yet  uncovered  in 
this  new  Central  New  Mexico  Cochise-like  culture. 

THE  MATERIAL 

Due  to  the  similarity  between  the  artifacts  obtained  from  the  surface 
charcoal  deposits  and  the  arroyo  lenses  both  of  these  collections  will  be  con¬ 
sidered  as  a  single  entity.  It  should  also  be  noted  before  classifying  these 
artifacts  as  to  type  that  most  of  the  chipped  artifacts  are  of  petrified  wood, 
jasper,  white  quartz  and  to  a  lesser  extent,  obsidian.  The  heavier  objects, 
such  as  manos,  metates  and  hearth  stones  were  generally  of  igneous  rock.  An 
interesting  feature  of  these  heavier  artifacts  is  the  fact  that  they  are  nearly 
always  found  lying  on  top  of  the  hearth,  yet  discolored  by  heat  on  the  under¬ 
side.  It  appears  from  this  that  many  of  the  heavier  objects  were  thrown  into 
the  fire  before  these  people  moved  to  a  new  locality. 

Eighteen  points  have  been  uncovered  at  these  sites.  No  interpretation  as 
to  types  has  been  made  although  it  is  noticeable  that  many  of  the  points 
shown  in  the  illustrative  plate  are  very  similar  to  points  found  in  the  San 
Pedro  stage  of  the  Cochise  culture.  However,  at  present  not  enough  of  this 
type  artifact  has  been  recovered  to  venture  any  definite  conclusions.  The 
points  are  grouped  into  four  categories.  The  first  group,  1  ps  to  5  os,  includes 
points  with  serrated  edges,  the  next  group,  lqt  to  5  qt,  points  that  are  not 
serrated  and  have  tangs,  the  third  group,  1  pr  to  3  pr,  non-serrated  points 
without  tangs,  while  the  nal  group  is  made  up  of  miscellaneous  points. 
Briefly  here  is  how  the  catalog  system  functions.  The  numbers  start  from 
one  in  each  group  and  run  consecutively  until  a  new  group  is  started.  The 
first  lower  case  letter  after  the  number  represents  the  type  material  the 
artifact  is  made  of,  p  standing  for  petrified  wood,  q  for  quartz,  b  for  basalt, 
and  o  for  obsidian.  The  final  lower  case  letter  represents  the  type  artifact, 
s  for  serrated  points,  t  for  tanged  points,  r  for  points  without  tangs,  b  for 
blades,  and  m  for  miscellaneous  artifacts. 

Over  thirty  blades,  a  sampling  of  which  are  shown  in  the  illustration, 
were  taken  from  the  hearths.  The  blades,  like  the  points,  are  generally  made 
of  petrified  wood  or  quartz  although  a  few  are  made  of  obsidian.  Only  one 
blade  was  found  intact.  Most  are  pointed  at  one  end  and  rounder  and  broader 
at  the  other.  Only  a  few  show  secondary  chipping.  The  average  thickness 
is  less  than  one  quarter  of  an  inch.  The  length  is  from  two  to  five  inches. 
Because  of  the  relatively  large  size  of  these  implements  it  is  doubtful  that 
they  were  used  as  points,  hence  until  further  evidence  proves  otherwise  they 
will  be  regarded  as  knives. 

Approximately  thirty  one-handed  manos  have  been  recovered  from 
these  sites.  Eighty  percent  of  these  artifacts  were  of  igneous  rock,  the  re¬ 
mainder  of  sandstone.  Sixty  percent  showed  evidences  of  being  shaped.  The 
remaining  items  were  water-worn  stone  that  showed  characteristic  use  marks. 
Approximately  fifty  percent  of  the  manos  were  one-sided,  the  other  half 
had  been  used  on  both  faces.  The  average  length  was  five  inches,  average 
width  three  and  one-half  inches,  and  average  depth  one  and  one-half  inches. 
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Only  one  intact  metate  was  uncovered,  this  being  an  artifact  removed 
from  the  hearth  that  was  reported  sixteen  feet  below  the  surface.  In  addition 
to  this  item,  several  fragments  of  metates  were  recovered  from  surface  de¬ 
posits.  All  appear  to  be  of  the  shallow  basin  type.  Like  the  majority  of  the 
manos,  the  metates  were  of  igneous  rock,  discolored  by  heat  on  one  side.  The 
only  whole  specimen  was  fourteen  inches  in  length,  nine  inches  wide  and 
four  inches  in  depth,  with  a  basin  twelve  inches  in  length,  seven  and  one- 
half  inches  in  width  and  approximately  one-quarter  of  an  inch  in  depth. 
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Forty  scrapers  of  quartz  and  petrified  wood  were  recovered.  They  were 
of  the  end  or  side-scraper  type. 

Thirty-six  cores  and  choppers  were  taken  from  the  hearths.  Like  the 
other  chipped  artifacts  they  are  of  petrified  wood  and  quartz.  No  attempt 
has  been  made  in  this  study  to  segregate  the  choppers  from  the  cores  and 
items  that  have  been  designated  as  cores  may  have  been  used  as  choppers. 

No  worked  bone  material  has  been  recovered  to  date,  with  the  possible 
exception  of  scratches  and  grooves  on  certain  highly  fossilized  bones.  How¬ 
ever,  fossilization  or  calcification  of  bone  in  this  area  is  no  criterion  of  age  as 
the  vast  percentage  of  bone  found  on  or  beneath  the  surface  is  heavily 
calcified.  Bone  material  is  so  common  on  the  surface  in  the  vicinity  of  the 
fire  hearths  that  only  those  bones  showing  markings,  joints,  or  skull  bones 
were  collected.  As  of  this  date  no  identification  of  these  bones  has  been 
made. 

Adequate  charcoal  samples  for  carbon  14  could  be  obtained  from  any  of 
the  thirty-odd  hearths.  Of  all  the  Cochise  sites  in  central  New  Mexico  this 
one  is  the  richest  in  charcoal  specimens.  Although  no  attempt  has  been  made 
at  present,  it  is  believed  that  an  adequate  sampling  could  also  be  obtained 
from  one  or  two  of  the  less  exposed  surface  charcoal  deposits. 

CONCLUSIONS 

It  appears  that  both  the  surface  charcoal  sites  and  the  deep  arroyo 
lenses  of  the  Santa  Ana  Pre-Ceramic  site  are  contemporaneous  for  the  follow¬ 
ing  reasons.  First,  similar  material  erodes  from  both  type  sites.  To  this  date 
no  pottery  has  been  found  in  direct  association  with  either  the  surface  or 
arroyo  hearths.  Second,  the  area  of  the  surface  sites  coincides  closely  with 
the  area  of  the  arroyo  sites.  The  presence  of  surface  sites  and  deep  arroyo 
cut  sites  in  the  same  area  with  almost  identical  material  culture  items  gives 
indications  that  we  are  dealing  with  a  common  culture. 

Very  little  can  be  definitely  stated  about  this  site  at  the  present  time. 
This  is  merely  a  preliminary  report  conducted  to  stimulate  interest  in  the 
hope  that  a  large  scale  excavation  would  be  conducted  in  the  future. 

Material  is  already  available  for  Carbon  14  dating  from  several  of  the 
most  significant  hearths.  A  competent  geologist  should  attempt  to  supple¬ 
ment  this  dating  method  and  also  explain  the  significance,  if  any,  of  the 
travertine  deposits  and  erosional  characteristics  of  the  area. 

Several  arroyo  hearths  have  been  located  two  miles  to  the  west  of  this 
site  and  a  more  intensive  survey  may  increase  the  distribution  of  sites  of  this 
type. 

Excavations  should  be  attempted  at  most  of  the  surface  hearths  as 
well  as  at  the  most  important  of  the  arroyo  lenses.  Such  excavations  should 
produce  sufficient  non-perishable  material  to  set  up  a  typological  system 
that  may  place  the  material  in  its  proper  anthropological  position  in  relation 
to  other  pre-ceramic  cultures. 

At  the  present  time  there  are  certain  similarities  between  this  site  and 
the  Atrisco  material,  as  well  as  San  Jose  and  Dr.  Hibben’s  lower  Puerco  site. 
Perhaps  there  may  be  a  connection  between  the  material  and  the  artifacts 
recovered  from  Comanche  Springs,  or  the  Albuquerque  gravel  pits.  In  fact, 
all  these  sites  may  be  inter-related. 

However,  until  the  chronology,  distribution,  and  typology  of  all  these 
sites  are  more  adequately  determined,  I  believe  that  the  artifacts  from  this 
area  should  be  known  simply  as  the  "Santa  Ana  pre-ceramic  material.” 
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POTENTIALITIES  OF  ELECTRONIC  CALCULATORS 

ROBERT  B.  GRANT  AND  JAMES  G.  STEWARD 
Southwest  Research  Institute 
San  Antonio,  Texas 

INTRODUCTION 

The  development  of  the  modern  high-speed  general  purpose  calculator 
represents  a  natural  evolution  from  the  abacus,  which  was  considered  to  be 
an  ancient  tool  when  Herodotus  wrote  of  it  in  45  0  B.  C.  Between  1600  and 
1700,  the  first  mechanical  adding  machines  and  calculators  were  developed, 
and  until  a  little  more  than  ten  years  ago,  they  represented  the  totality  of 
digital  computers.  It  should  be  noted  that  about  1800  an  Englishman,  Charles 
Babbage,  envisioned  a  machine  he  termed  a  'difference  engine”  which  was 
logically  equivalent  to  our  modern  computers.  Only  the  lack  of  precision 
tools,  materials,  and  electrical  circuitry  kept  this  idea  from  becoming  a 
practical  reality. 

Analog  computers  are  particularly  well  known  to  the  engineering  pro¬ 
fession,  having  generally  been  built  to  do  special  jobs.  The  first  one,  an  all 
mechanical  device,  was  built  shortly  before  193  0.  Their  computation  is  per¬ 
formed  by  mechanical  or  electrical  means  upon  numbers  which  have  been 
converted  into  measurable  quantities  such  as  length,  shaft  rotation  or  voltage. 
The  first  digital  machines  were  generally  built  with  a  special  purpose  in  mind, 
particularly  that  of  replacing  the  continuous  numbers,  as  represented  in  an 
analog  machine,  by  a  discrete  number  of  about  ten  decimal  digits  in  order 
to  obtain  better  accuracy  in  the  final  result. 

Before  the  first  large-scale  electronic  machine  was  completed,  there  were 
at  least  a  half-dozen  more  on  the  drawing  boards  whose  designs  were  slanted 
toward  the  ultimate  goal  of  developing  general  purpose  machines.  This 
generality  is  now  being  realized  in  present  day  digital  computers. 

The  modern  machines  have  a  memory  in  which  to  store  intermediate 
data  and  orders,  but  this  memory  can  be  completely  erased  by  a  flick  of  a 
switch.  The  orders  may  include  several  opportunities  for  the  machine  to 
make  decisions,  but  its  choice  is  limited  to  the  equivalent  of  yes  or  no  and 
actually  involves  continuing  a  routine,  starting  a  different  routine,  or  ending 
the  problem.  These  machines  have  an  almost  unlimited  memory,  can  follow 
instructions,  and  make  decisions,  but  it  must  be  remembered  that  they  can-  ^ 
not  make  original  decisions  and  cannot  remember  information  unless  re¬ 
quested  to  do  so  by  a  human  operator.  The  over-all  planning  and  initiative 
is  still  the  result  of  human  intelligence. 

USES  OF  A  COMPUTER 

Most  of  the  fields  of  modern  day  science  and  business  are  faced  with 
mathematical  and  statistical  problems  that  can  only  be  handled  realistically 
by  numerical  means.  Desk  calculators,  punched  card  machines,  and  analog 
machines  have  all  proven  to  be  aids  in  this  field,  but  just  as  punched  card  and 
analog  machines  were  a  major  step  beyond  the  desk  calculators  so  the  general 
purpose  digital  machines  are  far  superior  to  the  punched  card  and  analog 
machines  in  speed,  accuracy,  and  utility. 
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Many  problems  have  been  completely  avoided  simply  because  the  amount 
of  computation  is.  beyond  consideration  by  a  human  operator  employing  a 
standard  desk  calculator.  Other  problems  have  been  by-passed  because  they 
require  relatively  rapid  answers  at  intermediate  steps  in  order  to  assist  in 
decisions  for  further  testing  or  analysis.  Still  other  problems  have  been  done 
for  special  cases  only,  such  as  when  sufficient  simplifying  assumptions  do  not 
cause  too  serious  a  deviation  from  the  true  picture  or  when  an  answer  appears 
to  be  absolutely  necessary.  Perhaps  one  of  the  most  important  group  of 
problems  that  is  frequently  overlooked  in  thinking  in  terms  of  electronic 
computers  is  that  of  the  relatively  routine  analyses  which  are  at  present 
carried  out  on  one  or  more  desk  calculators. 

High-speed  calculators  make  possible  the  consideration  of  a  large  portion 
of  these  problems  that  were  previously  considered  as  impossible  or  imprac¬ 
tical.  They  can  easily  do  operations  at  a  rate  of  5  00  to  1000  times  as  fast 
as  a  person  with  a  desk  calculator  and  make  only  electrical  or  mechanical 
errors.  It  is  of  interest  to  note  that  these  mechanical  and  electrical  errors 
can  be  held  to  a  very  low  figure  by  using  good  engineering  design  as  well  as 
special  checking  devices  and  well  programmed  preventive  maintenance.  Using 
an  electronic  calculator  generally  should  prove  faster,  more  economical,  and 
more  efficient  than  any  group  of  operators  using  desk  machines. 

EXAMPLES 

A  large  amount  of  data  is  being  constantly  collected  in  various  statisti¬ 
cal  surveys.  The  advent  of  punched  card  machines  was  a  big  aid  in  studying 
and  processing  this  information,  but  their  work  represents  only  the  begin¬ 
ning.  The  development  of  the  new  high-speed  storage  systems  has  greatly 
increased  the  speed  of  handling  this  information  within  the  high-speed 
computers. 

Analog  machines  were  first  developed  as  integrating  mechanisms  to  be 
used  in  the  solution  of  differential  equations  since,  in  many  cases,  it  is  easier 
to  prove  the  existence  of  a  solution  for  a  differential  equation  than  it  is  to 
find  the  solution.  Since,  in  general,  differential  equations  may  also  be  solved 
by  numerical  integration  methods,  the  high-speed  digital  computers  using 
these  methods  offer  improvements  in  both  over-all  speed  and  accuracy  as 
compared  to  the  results  when  using  analog  machines.  Whereas  a  major 
amount  of  analysis  in  the  numerical  integration  field  has  previously  stressed 
maximum  interval  size  and  self-checking  methods  for  use  on  desk  calculators, 
more  attention  is  now  being  paid  to  maximum  accuracy,  particularly  in  terms 
of  round-off  errors,  for  use  with  the  high-speed  machines. 

These  two  examples  indicate  some  of  the  scientific  applications  for  a 
high-speed  electronic  computer,  .but  these  machines  are  by  no  means  limited 
to  complicated  scientific  problems.  It  is  unfortunate  that  their  greatly  com¬ 
plicated  structure  and  original  use  primarily  by  people  in  the  scientific  field 
have  led  so  many  people  to  believe  that  they  were  specialized  gadgets.  By 
proper  planning  they  can  be  made  to  handle  alphabetical  material  as  well  as 
numerical  data,  sorting  or  modifying  it  by  some  prearranged  plans.  Industry 
may  find  it  a  big  aid  in  such  things  as  payroll,  personnel  records,  sales  and 
materials  accounting,  and  manufacturing  control.  Although  none  of  these 
jobs  is  particularily  difficult,  they  all  involve  a  large  amount  of  routine  cal¬ 
culation.  One  particular  computer  manufacturer  is  definitely  slanting  his 
newest  machine  in  this  direction. 
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COMPARISON  OF  SPEEDS 

A  simple  statistical  problem  can  be  used  to  illustrate  the  comparative 
speeds  of  a  desk  calculator  and  an  electronic  calculator.  A  linear  least  squares 
analysis  of  1,000  people  having  six  records  each  requires  a  total  of  about 
21,000  multiplications.  A  person  operating  a  desk  calculator  does  well  to 
maintain  an  average  of  five  operations  per  minute  over  an  eight-hour 
day.  This  means  2,400  operations  per  day  or  eight  and  one-half  working  days 
to  complete  this  required  set  of  multiplications.  An  electronic  machine  work¬ 
ing  at  100  operations-per-second  could  handle  this  job  in  three  and  one-half 
minutes.  It  will  probably  take  two  or  three  people  to  efficiently  handle  the 
actual  operation  of  such  a  machine,  but  this  still  leaves  a  ratio  of  about  500 
to  1.  A  100  operations-per-second  machine  is  only  a  medium  speed  for  these 
computers,  with  500  to  1,000  operations-per-second  being  realized  in  many 
designs.  Also,  the  previous  multiplications  represent  only  a  small  part  of  the 
work  in  a  least  squares  analysis,  and  a  sample  size  of  1,000  is  relatively 
small.  Hence,  it  is  not  difficult  to  conceive  of  a  problem  that  would  take 
a  person  a  year  on  a  desk  calculator  but  could  be  done  in  less  than  a  day  on 
an  electronic  calculator. 

AVAILABILITY 

A  large  digital  machine  will  cost  upwards  from  $400,000;  and  including 
the  cost  of  a  complete  staff  of  at  least  twenty  people  to  fully  utilize  it,  it  can 
still  be  much  cheaper  than  any  group  using  ordinary  desk  calculators.  How¬ 
ever,  this  will  only  be  true  if  the  machine  is  used  to  capacity  and  not  allowed 
to  stand  idle  for  any  appreciable  length  of  time.  This  necessity  of  using  a 
machine  to  full  capacity  is  the  stumbling  block  for  most  organizations  which 
have  a  limited  number  of  problems  suitable  for  digital  computation;  how¬ 
ever  the  solution  to  this  problem  seems  to  rest  in  the  ownership  of  a  machine 
by  a  single  agency  which  could  then  in  turn  rent  time  on  the  machine  to  all 
interested  groups.  Thus,  the  computer  would  be  efficiently  operated,  and  the 
benefits  arising  from  increased  speed,  accuracy,  and  efficiency  of  computa¬ 
tion  could  be  distributed  to  many  industries.  There  are,  at  present,  several 
organizations  in  Texas  and  the  Southwest  maintaining  punched  card  equip¬ 
ment.  In  general,  it  is  not  feasible  for  these  organizations  to  further  expand 
their  equipment  since  possible  future  work  would  greatly  exceed  the  capa¬ 
bilities  of  punched-card  equipment.  In  particular,  storage  of  information  on 
punched  cards  becomes  a  cumbersome  process  where  continuous  records  are 
kept.  Storage  of  information  on  magnetic  tapes  is  much  more  compact  as 
well  as  being  many  times  faster  in  handling  with  an  electronic  calculator. 

The  market  for  such  a  computational  service  varies  widely  and  fre¬ 
quently  comes  from  unexpected  sources.  One  rule  that  is  almost  completely 
satisfactory  is  that  any  problem  which  involves  using  the  same  routine  or 
formula  a  large  number  of  times  can  be  profitably  programmed  for  an  elec¬ 
tronic  calculator.  People  working  in  the  field  consider  the  market  as  being 
very  adequate  but  readily  admit  that  the  mathematicians  who  usually  control 
these  machines  are  frequently  not  aware  of  the  many  possibilities  which  do 
exist.  Also,  since  the  initial  investment  in  such  a  machine  is  relatively  high 
and  its  full  value  will  only  be  realized  by  continuous  operation,  many  business 
and  scientific  people  have  never  stopped  to  analyze  fully  their  problems  in 
light  of  the  newer  techniques  brought  forward  by  these  high-speed  electronic 
digital  computers. 
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SOME  BIOLOGICAL  AND  PHYSICAL  PHENOMENA  OF  THE 
ELECTRIC  EEL,  ELECTROPHORUS  ELECTRICUS 
(LINNAEUS)* 

LAWRENCE  CURTIS  AND  JAMES  CRONIN 
Southern  Methodist  University 


In  addition  to  heat  energy,  mechanical  energy,  and  light,  vital  organ¬ 
isms  also  produce  electrical  energy.  Slight  differences  of  electric  potential  are 
usually  present  in  any  system  that  contains  electrolytes,  such  as  living  proto¬ 
plasm,  and  it  is  generally  agreed  that  all  animals  and  plants  produce 
electricity. 

Protoplasmic  activity  is  almost  always  associated  with  electric  change. 
Bioelectric  currents  are  usually  classified  into  four  general  groups:  (1)  cur¬ 
rents  of  rest,  (2)  currents  of  action,  (3)  currents  of  injury,  and  (4) 
currents  produced  by  electric  organs.  All  bioelectric  currents  except  those 
from  electric  organs  are  of  very  slight  magnitude — the  largest  from  injured 
muscle  which  may  give  an  E.M.F.  of  1  / 1 0  of  a  volt  at  the  most.  In  a  few 
instances,  however,  animals  are  able  to  produce  bioelectric  currents  of  up  to 
5  50  volts  and  2,310  watts  (Heilbrunn,  1943).  These  are  produced  by  electric 
organs  which  are  found  only  in  a  few  fishes  and  elasmobranchs,  such  as  the 
torpedo  ( Torpedo  occidentalis  (Olfers) )  which  is  a  ray  from  the  Atlantic 
and  Mediterranean;  the  electric  catfish  (M alapterurus  electricus  (Gmelin) ) 
from  rivers  of  tropical  Africa  and  the  Nile;  and  the  electric  eel  ( Electro - 
phoms  electricus  (Linnaeus)  from  South  America,  the  most  potent  of  all 
the  electric  fishes  and  the  subject  of  discussion  in  this  paper.  It  is  not  sur¬ 
prising  that  this  phenomenon  is  found  only  in  fishes  for  it  would  be  of  no 
use  whatever  to  a  terrestrial  animal  with  no  conducting  medium  surrounding 
it. 

The  electric  eel  was  first  described  by  Linnaeus  and  is  included  in  the 
family  Gymnotidae,  the  subclass  Teleostomi  of  the  Class  Pisces.  In  spite  of 
its  eel-like  form,  Electro phorus  is  not  an  eel.  It  is  found  in  fresh  waters  of 
northern  South  America,  ranging  from  the  Amazon  Basin  northward  to  the 
Orinoco  Basin.  There  it  inhabits  swamps  and  slow  moving  streams. 

The  life  history  of  the  electric  eel  is  not  well  known.  Concerning  its 
breeding  habits,  it  is  reported  that  during  the  rainy  season  the  mature  eels 
migrate  into  the  swampy  areas  from  which  they  return  a  few  months  later 
with  a  group  of  small  fingerling  eels.  The  young  swim  close  to  the  head  of 
one  parent  (which  we  shall  find  later  is  electrically  positive).  They  remain 
with  the  parents  until  a  length  of  around  12  to  15  centimeters  at  which  time 
they  are  able  to  discharge  200  to  300  volts.  It  is  at  this  stage,  which  may 
be  called  "electrical  maturity,”  that  the  young  become  independent  and 
leave  the  parents.  The  young  are  able  to  make  a  slight  discharge  when  only  a 
few  centimeters  in  length.  It  has  been  found  that  the  young  of  Torpedo 
will  make  slight  discharges  prenatally  while  still  within  the  dead  mother 
(Breder,  1940). 

*  Read  before  the  Texas  Academy  of  Science  Dec.  1,  1950,  at  S.M.U.,  Dallas,  Texas,  and 
accompanied  by  a  demonstration  using  a  living  electric  eel. 
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The  electric  eel  attains  a  maximum  length  of  9  feet  10  l/2  inches, 
although  the  average  size  is  closer  to  5  or  6  feet.  The  relationship  between 
length  and  voltage  will  be  discussed  later.  The  length  is  approximately  ten 
times  the  diameter. 

In  nature  the  electric  eel  feeds  mainly  on  small  fish,  which  it  stuns 
with  its  electric  discharge.  The  food  is  swallowed  entire,  since  the  eel  has  only 
a  few  small  tooth-like  denticles. 

The  electric  eel  does  not  use  its  insufficiently  small  gills  at  all  in  breath¬ 
ing,  nor  is  the  swim  bladder  utilized  as  an  auxiliary  respiratory  organ  as  in 
some  other  fish  such  as  the  gars.  Instead,  there  are  special  processes  in  the 
mouth  covering  the  tongue  and  palate  which  absorb  oxygen  from  the  atmo- 
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spheric  air  which  the  fish  periodically  gulps  in  at  the  surface.  Thus,  if  an 
electric  eel  is  denied  access  to  the  surface  for  over  1 5  minutes,  it  will  drown. 
This  could  indicate  a  high  oxidation  rate  which  may  be  of  significance  when 
discharging  electricity. 

The  electric  eel  possesses  two  small  pectoral  fins  and  one  long  anal  fin, 
extending  the  full  length  of  the  tail,  which  is  80%  of  the  total  length.  This 
fin  is  the  sole  means  of  locomotion.  The  fish  swims  by  creating  undulatory 
ripples  in  the  long  anal  fin.  The  dorsal  fin  is  either  absent  or  reduced  to  a 
fatty  rudiment.  Pelvic  and  caudal  fins  are  entirely  absent. 

Electric  eels  are  known  to  be  subject  to  three  external  parasites,  a  proto¬ 
zoan,  a  copepod  (crustacean)  and  a  leech  (Nigrelli,  1938).  In  what  manner 
these  parsites  are  able  to  withstand  the  electric  discharge  of  the  eel  is  not 
definitely  known.  The  only  apparent  effect  the  eels  suffer  themselves  from 
their  discharge  is  the  formation  at  a  very  early  age  of  cataracts  over  the 
eyes.  (Coates,  1939).  Similarly,  electric  shock  has  been  reported  as  causing 
cataract  in  other  animals,  including  man. 

The  sources  of  the  discharges  are  three  pairs  of  electric  organs,  the  Large 
Organ  (A),  the  Bundles  of  Sachs  (B),  and  the  Organs  of  Hunter  (C)  (see 
figure  1 ) .  The  Large  Organ  is  the  largest  in  size  of  the  three  and  releases  the 
discharges  of  the  largest  voltage.  These  three  organs  make  up  approximately 
58%  of  the  total  mass  of  the  fish.  The  Large  Organ  (A)  and  the  Organs  of 
Hunter  (C)  begin  at  the  end  of  the  body  proper.  The  Large  Organ  continues 
posteriorly  about  2/3  the  length  of  the  tail.  The  Organs  of  Hunter  continue 
to  the  end  of  the  tail.  The  Bundles  of  Sachs  (B)  begin  a  little  anterior  of 
the  end  of  the  large  organs  and  continue  to  the  end  of  the  tail. 

The  Large  Organs  and  the  Organs  of  Hunter  are  both  constructed  of 
plates  of  tissue  which  run  parallel  to  the  long  axis  of  the  fish.  The  number 
of  these  plates  is  fairly  constant  in  each  organ  in  spite  of  the  size  of  the  fish. 
These  plates  are  made  up  of  many  cells  or  electroplaxes  which  lie  at  right 
angles  to  the  long  axis  of  the  plates  (see  figures  2  and  3).  To  these  electro- 


PLATE  1 

FIG.  1— Cutaway  drawing  of  the  electric  eel,  Electrophorus  electricus,  showing  the 
electric  organs  of  the  left  side  only.  A.  Large  Organ;  B,  Bundles  of  Sachs;  and 
C,  the  Organ  of  Hunter. 

FIG.  2 . Schematic  drawing  of  a  portion  of  the  Large  Organ  indicating  its  manner 

of  attachment  with  the  nervous  system. 

FIG.  3— -Enlarged  portion  of  electric  organ  taken  from  circle  in  figure  2  showing 
individual  electroplaxes  which  make  up  the  Large  Organ.  Note  that  the  nerve 
fiber  is  attached  to  the  posterior  (negative)  face  of  each  electroplax.  The  in¬ 
sulating  nerve  sheath  is  omitted  for  clarity. 

FIG.  4— Series  of  curves  giving  the  values  of  potential  gradient  along  the  body  of 
the  eel.  The  letters  refer  to  the  points  along  the  Large  Organ  as  given  in  figure  5. 
The  series  represents  the  wave  of  potential  gradient  flowing  from  anterior  to 
posterior. 

FIG.  5— Outline  of  Electrophorus  with  Large  Organ  stippled  in  and  points  A,  B,  C, 
and  D  designated,  as  referred  to  in  the  plotting  of  potential  gradient  (figure  4.). 

FIG.  6 — Plot  of  a  train  of  5  major  discharges  across  a  segment  of  the  Large  Organ. 
Duration  is  15  milliseconds. 

FIG.  7-— Plot  of  a  single  major  discharge.  Duration  is  3  milliseconds. 

FIG.  8— Potential  gradient  for  points  B  and  C  plotted  against  milliseconds. 

FIG.  9 — Voltage  developed  across  segments  AB  and  CD  plotted  against  milliseconds. 
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plaxes  are  attached  nerve  fibers  which  join  special  electric  nerve  cells  in  the 
nerve  cord  (Coates,  et  al,  1937).  The  electrical  significance  of  this  structure 
and  the  proportionality  between  electroplaxes  and  voltage  will  be  shown 
below. 

The  Bundles  of  Sachs  are  made  up  of  a  series  of  bundles  of  fibers  which 
resemble  both  muscular  and  electrical  tissue.  Because  of  this  it  is  thought 
to  be  somewhat  intermediate  in  its  evolution  from  striated  swimming  muscle 
to  electric  tissue.  The  concentration  of  the  enzyme  choline  esterase  in  the 
regions  of  straited  muscle  near  the  large  electic  organs  is  also  significant  in 
this  regard.  The  concentration  here  was  nearer  that  found  in  electric  tissue 
than  ordinary  striated  muscles  (Nachmansohn,  1941).  Thus,  the  muscle  in 
the  periphery  of  the  electric  organs  is  indicated  to  be  in  a  state  of  inter¬ 
mediate  transformation.  The  significance  of  choline  esterase  and  electrical 
activity  is  noted  later.  The  electric  organs  of  all  other  electric  fishes  known 
are  derived  in  the  same  manner,  that  is,  from  the  muscles,  except  in  the 
electric  catfish  (M alapterurus)  in  which  they  are  evolved  from  the  integu¬ 
ment. 

The  significance  of  the  discharges  from  the  Bundles  of  Sachs  is  under 
question.  Discharges  from  these  organs  are  about  1  / 1 0  the  value  of  those 
from  the  Large  Organ.  Also,  they  are  released  singly,  instead  of  in  trains  as 
from  the  Large  Organ.  A  restless  electric  eel  or  one  which  is  cruising  about 
in  search  of  food  releases  discharges  at  the  rate  of  20  to  30  per  second.  These 
are  released  at  an  increased  rate  when  the  fish  locates  something,  such  as  a 
morsel  of  food.  The  fish  can  invariably  locate  any  disturbance  in  the  water 
and,  if  in  the  presence  of  another  eel  which  is  discharging,  can  always  find 
the  anterior  (positive)  end  of  the  discharging  fish,  as  if  hoping  to  share  in 
the  other’s  prey.  If  electrodes  are  immersed  in  the  water  and  electricty 
discharged  through  them,  the  eels  will  always  be  attracted  to  them,  first  to 
the  nearest  electrode,  regardless  of  polarity,  and  then  to  the  positive  elec¬ 
trode,  which  would  correspond  to  the  head  end  of  another  eel  (Cox,  193  8). 

These  observations,  coupled  with  the  fact  that  the  optic  nerve  is  primi¬ 
tive  and  the  eye  cataracted,  would  indicate  the  discharges  from  the  Bundles 
of  Sachs  to  be  some  sort  of  "exploratory  unit.”  There  are  certain  enlarged 
pores  along  the  lateral  line  near  the  head  of  the  fish  which  seem  to  function 
as  receptor  organs  for  the  discharges  from  these  organs.  If  they  are  removed 
or  insulated,  the  fish  cannot  find  its  way  about  nor  it  it  able  to  locate 
prey  (Coates,  1950). 

The  discharge  from  the  Organs  of  Hunter  is  irregular  and  appears  to 
be  a  function  of  the  discharge  of  the  Large  Organ. 

The  discharge  manifests  itself  in  two  distinct  types,  termed  major  and 
minor.  The  major  discharge  originates  in  the  Large  Organ  and  the  voltage 
is  developed  linearly  along  it.  In  all  probability  the  Organs  of  Hunter  act 
simultaneously  with  the  Large  Organ.  The  peak  observed  voltage  of  the 
major  discharge  is  from  3  00  to  600  volts.  The  electrical  characteristics  of 
individual  electric  eels  vary  so  much  that  quantitative  results  for  one  indi¬ 
vidual  can  be  acepted  only  as  qualitative  for  all  electric  eels.  The  duration 
of  a  single  discharge  is  about  3  milliseconds  and  the  discharges  usually  occur 
in  trains  of  three  or  more.  There  is  a  minor  discharge  which  originates  in  the 
Organs  of  Sachs.  Its  maximum  value  is  about  1  / 1 0  the  maximum  value  of 
the  major  discharge.  This  discharge  is  found  even  when  the  fish  is  at  rest, 
and  the  frequency,  though  aperiodic,  increases  when  the  fish  becomes  excited 
(see  figure  6  and  7),  (Coates,  et  al,  1937). 
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The  major  discharge  is  most  convenient  for  study  due  to  the  orientation 
of  the  Large  Organ.  The  discharge  is  discussed  in  terms  of  point  functions 
along  the  organ  rather  than  differences  in  potential  between  points.  Thus 
the  discharge  is  studied  in  terms  of  potential  gradient,  or  the  ratio  of  the 
voltage  developed  in  a  small  segment  of  organ,  divided  by  the  length  of  the 
segment  in  the  neighborhood  of  the  point  under  consideration.  The  voltage 
developed  between  any  two  points  is  the  integral  of  the  potential  gradient 
from  one  point  to  another  (Coates,  et  al,  1937) . 

The  discharge  is  not  synchronous  and  is  best  analyzed  as  a  wave  of 
potential  gradient  flowing  down  the  organ  from  anterior  to  posterior.  During 
the  discharge  the  anterior  is  positive  with  respect  to  the  posterior  as  noted 
above.  Studies  made  from  oscillographic  traces  of  the  discharge  give  the 
sequence  of  curves  in  figure  4.  It  is  seen  that  the  potential  gradient  is  a 
function  of  position  as  well  as  time.  Plotting  the  values  of  potential  gradient 
against  time  for  points  B  and  C  (see  figure  8)  it  is  seen  that  the  potential 
gradient  wave  is  characterized  by  a  sharp  rise  time,  a  level  plateau  and  a  more 
gradual  decay  time,  though  the  height  of  the  plateau  is  different  for  different 
points. 

Plotting  the  areas  under  AB  and  CD  against  time  gives  the  variation 
of  the  voltage  against  time  for  an  anterior  and  posterior  segment.  This  plot 
shows  that  the  discharge  is  nonsynchronous,  and  also  shows  that  the  voltage 
per  unit  length  is  greater  in  the  anterior  than  the  posterior.  (See  figure  9.) 

Analysis  of  the  oscillographic  discharge  curves  and  application  of  The- 
venhTs  circuit  theorem  first  indicated  that  during  the  discharge  the  internal 
E.M.F.  remains  constant  and  that  the  discharge  occurs  by  a  breakdown  of 
internal  resistance  in  the  electric  tissue. 

Structurally,  as  has  been  noted  above,  the  Large  Organ  is  made  up  of 
series  of  units  or  electroplaxes  counted  longitudinally.  Each  electroplax  is 
divided  from  another  by  a  vertical  partition.  Studies  have  shown  that  there 
is  nearly  a  direct  proportion  between  number  of  electroplaxes  per  unit  length 
and  E.M.F.  developed  per  unit  length,  (Coates,  et  al,  1945).  This  indicates 
that  each  electroplax  contributes  a  fixed  and  equal  E.M.F.  The  fact  that  the 
major  discharge  is  nearly  always  the  same  observed  voltage  indicates  a  con¬ 
stant  internal  E.M.F.  When  the  eel  becomes  exhausted,  the  observed  voltage 
of  the  discharge  is  not  diminished;  rather,  it  is  difficult  to  get  the  fish  to 
discharge  at  all. 

It  was  mentioned  above  that  a  branch  of  the  nerve  which  runs  down 
the  eel  goes  to  the  posterior  face  of  each  electroplax  and  its  sheath  insulates 
the  two  cells,  that  it  separates.  When  this  nerve  was  transected  the  propa¬ 
gation  of  the  discharge  beyond  the  point  of  transection  ceases.  On  the  other 
hand  when  the  electric  organ  itself  was  transected,  the  nerve  being  left 
uncut,  the  discharge  was  still  propagated  beyond  the  transection.  These 
results  show  with  almost  no  doubt  that  the  propagation  is  controlled  by  the 
impulse  of  the  nerve  that  branches  out  to  each  electroplax. 

With  the  following  facts  a  reasonable  hypothesis  can  be  made  concern¬ 
ing  the  source  and  propagation  of  the  major  discharge. 

( 1 )  The  E.M.F,  as  nearly  as  it  could  be  measured,  developed  per  unit 
length  is  directly  proportional  to  the  number  of  electroplaxes  per  unit  length. 

(2)  The  discharge  is  one  of  a  breakdown  of  resistance  between  cells 
of  constant  voltage. 
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(3)  The  propagation  of  the  discharge  is  controlled  by  the  nerve  that 
runs  down  the  length  of  the  electric  eel  and  sends  out  a  branch  to  the  pos¬ 
terior  face  of  each  electroplax  (Cox  and  Coates,  1938). 

The  electroplaxes  are  cells  of  fixed  voltage,  since  we  have  found  the 
E.M.F  per  unit  length  to  be  proportional  to  the  electroplaxes  per  unit  length. 
The  development  of  the  voltages  between  the  cells  could  be  explained  by  the 
Bernstein  theory  of  concentration  voltages.  It  is  known  that  the  discharge 
is  probably  propagated  by  a  breakdown  of  electrical  resistance  between  these 
cells.  It  is  known  that  the  resistance  of  a  nerve  sheath  is  greatly  reduced 
when  it  is  activated  by  a  nervous  impulse.  Since  a  nerve  joins  the  posterior 
portion  of  each  of  the  electroplaxes,  the  impulse  of  the  nerve  could  serve 
to  break  down  the  electrical  resistance  between  the  two  electroplaxes.  At 
times  other  than  the  discharge  any  two  cells  would  be  well  insulated  by  the 
sheath.  When  the  nervous  impulse  reaches  the  end  of  the  sheath  there  is  an 
electrical  connection  made  between  the  posterior  (negative  face  of  an  elec¬ 
troplax)  and  the  anterior  of  the  next  cell.  Thus,  in  this  manner  an  electrical 
connection  is  made  progressively  down  the  entire  length  of  the  Large  Organ. 

Since  the  time  that  this  hypothesis  has  been  proposed  several  investiga¬ 
tions  and  studies  have  been  made  which  uncover  serious  and  well-founded 
objections  to  the  above  theory.  The  first  of  these  investigations  was  with 
respect  to  the  velocity  of  the  discharge  down  the  length  of  the  eel. 

By  comparing  traces  of  the  voltage  curves  of  anterior  and  posterior  seg¬ 
ments  with  curves  of  the  two  voltages  plotted  at  right  angles  to  each  other, 
rather  accurate  measurements  of  the  velocity  of  propagation  of  the  discharge 
were  made.  The  velocity  was  not  found  to  be  constant  but  was  found  to 
diminish  posteriorly.  In  one  individual,  the  initial  velocity  was  found  to  be 
greater  than  2,500  meters  per  second  at  the  anterior.  At  the  posterior  the 
velocity  had  diminished  to  less  than  450  meters  per  second.  Other  eels  gave 
values  of  comparable  magnitude,  (Coates,  et  al,  1940a). 

If  the  above  hypothesis  is  assumed,  the  velocity  of  the  nervous  impulse 
down  the  fish  must  be  as  great  as  the  velocity  of  propagation.  Thus  the 
speed  of  the  nervous  impulse  of  the  eel  must  travel  about  2,500  meters  per 
second.  This  is  about  2  5  times  greater  than  the  greatest  nerve  impulse  velo¬ 
city  ever  recorded.  Calculating  the  diameter  of  the  nerve  fiber  by  established 
laws  relating  diameter  of  fiber  and  velocity  of  impulse  would  require  a  fiber 
many  times  the  actual  diameter  of  this  fiber  to  produce  a  sufficient  velocity, 
if  the  nervous  impulse  is  accepted  as  the  "trigger”  for  the  discharge,  and 
evidence  for  this  assumption  persists,  then  there  are  two  alternatives  ( 1 ) 
that  the  nervous  impulse,  in  spite  of  being  contrary  to  all  established  laws, 
travels  with  the  same  speed  as  the  electric  impulse,  or  (2)  that  there  is  some 
"delaying  mechanism”  which  delays  the  discharge  in  the  anterior  portions 
while  the  nervous  impulse  has  had  time  to  initiate  the  discharge  in  the 
posterior  parts. 

A  second  and  perhaps  more  serious  objection  to  the  proposed  hypothesis 
has  arisen.  This  is  the  discovery  that  during  the  rise  of  the  impulse  the  E.M.F. 
is  not  at  all  constant,  and  thus  the  former  hypothesis  is  almost  completely 
invalidated  (Cox,  et  al,  1946).  No  new  hypothesis  has  appeared  in  the  litera¬ 
ture  as  yet  and  probably  will  not  until  new  discoveries  are  made  and  new 
measurements  are  brought  to  light. 

Recently  interesting  studies  have  been  made  of  the  concentration  of  the 
enzyme  choline  esterase  in  the  electric  tissue  of  Electro phorus.  The  concen¬ 
tration  of  this  enzyme  at  a  given  section  of  the  Large  Organ  was  found  to 
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be  proportional  to  the  number  of  electroplaxes  per  centimeter  and  hence  the 
E.M.F.  developed  per  centimeter.  Also  the  concentration  of  tb  at  enzyme  in 
the  Organ  of  Hunter  does  not  differ  from  the  concentration  of  an  adjacent 
section  in  the  large  organ.  This  fact  is  further  evidence  that  the  Large  Organ 
and  the  Organ  of  Hunter  act  together  to  produce  the  major  discharge. 

In  conduction  tissue,  during  the  period  of  conduction  the  presence  of 
the  compound  acetycholine  has  been  established.  Also,  present  in  all  con¬ 
ducting  tissue  is  the  enzyme  choline  esterase  which  provides  for  the  rapid 
removal  of  the  acetycholine  when  a  period  of  conduction  is  over.  The  con¬ 
centration  of  the  choline  esterase  determines  the  rate  at  which  the  acetycho¬ 
line  can  be  metabolized. 

The  change  in  resistance  of  a  membrane  is  effected  by  the  change  in 
proteins  and  lippoproteins  on  its  surface.  Connected  with  this  change  is  the 
release  and  removal  of  the  compound  acetycholine.  Thus  in  the  electric  tissue 
of  Electrophorns  the  compound  must  appear  and  disappear  in  a  matter  of 
milliseconds.  The  enzyme  choline  acetylase  is  responsible  for  its  rapid  appear¬ 
ance.  The  enzyme  choline  esterase  provides  for  its  rapid  removal.  The  choline 
esterase  is  more  easily  isolated  than  the  former  enzyme  and  hence  its  concen¬ 
tration  is  taken  as  a  measure  of  the  amount  of  acetycholine  that  can  be 
metabolized  and  hence  is  a  measure  of  the  voltage  developed.  The  exact  man¬ 
ner  in  which  the  acetycholine  may  act  has  not  yet  been  determined.  There 
are  two  assumptions;  (1)  it  can  produce  an  E.M.F.  directly  on  the  surface 
of  the  membrane,  (2)  it  can  decrease  the  resistance  of  the  membrane  and 
hence  release  a  concentration  voltage  that  had  already  been  developed 
(Nachmansohn  and  Coates,  1941). 

In  electric  eels  it  appears  that  there  is  a  voltage-length  relation  which 
is  more  or  less  constant  for  a  given  length  group;  but  for  fish  outside  this 
group  only  random  results  are  obtained.  The  smaller  electric  eels  are  found 
to  have  a  higher  voltage  per  unit  length,  than  the  longer  ones.  The  relation¬ 
ship  between  the  voltage  and  the  length  is  regular  until  the  organ  reaches 
the  length  of  about  50  centimeters,  and  then  there  is  an  abrupt  change.  For 
lengths  of  organs  up  to  50  centimeters  the  voltage  rises  proportionally  with 
the  length.  For  organs  above  50  centimeters  in  length,  the  relationship  is 
random.  There  appears  to  be  some  point  when  the  electrical  growth  of  the 
fish  ceases.  The  random  voltage  distribution  in  the  larger  individuals  can  be 
accounted  for  by  the  electrical  growth  of  different  fish  ceasing  at  different 
instances.  It  may  be  supposed  that  when  the  organs  attain  a  length  of  about 
50  centimeters,  further  growth  takes  place  not  by  the  increase  in  the  number 
of  electroplaxes,  but  by  the  thickening  of  the  electroplaxes  already  present. 
Thus  it  seems  that  electrical  maturity,  necessary  for  feeding  and  defense,  is 
attained  before  maturity  in  length.  (Coates  and  Cox,  1945 ) . 

There  remains  now  only  to  mention  the  magnitude  of  power  developed 
by  the  fish  and  the  energy  dissipated  in  the  discharge.  The  maximum  external 
power  developed  by  the  fish  when  out  of  the  water  during  a  discharge  is 
about  40  watts.  This  power  occurred  when  the  voltage  was  about  one  half 
the  open  circuit  voltage.  This  is  the  condition  for  maximum  external  power. 
The  external  energy  dissipated  during  a  single  discharge  is  about  .03  to  .04 
joules.  The  average  electric  power  that  the  organ  can  continue  to  deliver 
over  a  period  of  time  is  about  the  same  as  a  muscle  of  the  same  size  can 
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deliver.  Evolution  has  probably  brought  it  about  that  the  electric  eel’s  inter¬ 
nal  resistance  at  the  peak  of  the  discharge  just  matches  that  of  the  water, 
giving  maximum  external  power  (Coates,  et  al,  1937). 
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INDUSTRIAL  RESEARCH  LABORATORIES  OF  THE  UNITED  STATES,  ninth  edition, 

1950  compiled  by  Myron  J.  Rand.  444  pp.,  $5  00. 

The  continued  growth  and  vigor  of  industrial  scientific  research  in  the 
United  States  is  reflected  in  this  ninth  edition  of  the  National  Research 
Council’s  directory.  The  thirty  years  since  the  publication  of  the  first  edi¬ 
tion  have  seen  the  number  of  companies  represented  increase  nearly  tenfold, 
and  have  seen  the  research  and  development  laboratory  recognized  by  busi¬ 
ness  and  industry  as  a  prime  factor  in  the  long-term  health  of  organizations 
which  have  a  product  or  a  service  to  sell.  It  has  been  estimated  that  industry 
now  allots  to  research  nearly  a  billion  dollars  annually. 

Material  for  this  ninth  edition  was  gathered  between  January  and  June, 
1950.  Explanatory  letters  and  information  forms  were  sent  to  about  seven 
thousand  companies,  including  the  2,443  in  the  eighth  edition.  Of  these 
latter,  all  but  about  three  hundred  reported  continued  research  activity;  the 
book  contains  no  unrevised  information.  Of  the  forty-five  hundred  organi¬ 
zations  not  represented  in  the  eighth  edition,  three  thousand  replied,  and 
about  750  previously  unreported  research  laboratories  were  found. 
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THE  BACTERIOLOGY  OF  GULF  COAST  SHRIMP* 

1.  EXPERIMENTAL  PROCEDURES  AND 
QUANTITATIVE  RESULTS 

O.  B.  WILLIAMS,  HORACE  B.  REES,  JR.,  AND  L.  LEON  CAMPBELL,  JR. 

Department  of  Bacteriology 
University  of  Texas 

INTRODUCTION 

A  large  volume  of  shrimp  captured  in  the  Gulf  of  Mexico  and  the 
bays  of  the  Gulf  is  shipped  under  refrigeration  for  the  fresh  market  and 
for  freezing  at  points  located  some  distance  from  the  coast.  Occasionally 
the  time  elapsing  between  capture  and  receipt  at  the  wharf  is  longer  than 
is  desirable  for  maximum  quality  of  the  product.  Furthermore,  between 
heading  and  entry  into  sales  channels  for  the  fresh  market,  or  delivery  at 
the  freezing  plant,  organoleptic  changes  which  render  the  shrimp  unsuitable 
for  use  as  food  may  develop.  The  problems  associated  with  reducing  the 
loss  due  to  deteriorative  changes  and  thus  maintaining  quality  at  a  high 
level  have  been  of  much  interest  to  the  industry,  but  no  great  amount  of 
experimental  work  has  been  done  in  the  general  field,  and  consequently 
there  are  few  data  available  from  which  an  evaluation  can  be  made  of  the 
significance  of  the  various  factors  possibly  concerned  in  the  deterioration 
of  fresh  shrimp. 

The  project  upon  which  this  report  is  based  was  instituted  in  1947  with 
the  primary  objective  of  a  determination  of  the  microbial  flora  of  shrimp  as 
caught,  and  the  changes  in  the  flora  with  handling  and  storage,  with  the 
idea  that  eventually  it  might  be  possible  to  assess  the  spoilage  significance 
of  the  various  bacteria  naturally  present.  During  the  progress  of  the  work 
the  publications  of  Green  (1949,  a,  b,  c,  d)  and  of  Holmes  and  McClesky 
(1949)  appeared.  Other  than  these  the  authors  do  not  know  of  any  reports 
on  the  numbers  and  kinds  of  bacteria  on  fresh  shrimp. 

The  present  paper  summarizes  the  quantitative  results  obtained.  Other 
phases  of  the  investigation  will  be  given  in  separate  reports. 

SOURCES  AND  COLLECTION  OF  SAMPLES 

During  the  summer  of  1947  shrimp  were  collected  in  the  vicinity  of 
Galveston  Island  through  the  kindness  of  Mr.  Joe  Grasso,  operator  of  a  fleet 
of  commercial  fishing  boats.  In  September,  1949,  one  set  of  samples  was 
collected  at  Brownsville  with  the  cooperation  of  Mr.  Ed  Klein.  These  were 
Brazilian  shrimp  of  unknown  origin  other  than  that  they  were  from  the 
Gulf  of  Mexico  well  south  of  Brownsville.  The  time  elapsing  between  cap¬ 
ture  and  examination  was  not  definitely  known,  but  was  certainly  several 
days,  during,  which  time  the  shrimp  were  held  in  crushed  ice.  All  other 
samples  were  from  the  vicinity  of  Rockport,  and  were  obtained  through 
the  courtesy  and  cooperation  of  Mr.  J.  L.  Baughman,  of  the  Marine  Labo¬ 
ratory  of  the  Game,  Fish  and  Oyster  Commission.  The  Galveston  and  Rock- 
port  samples  were  cultured  the  same  day  as  collected. 


*This  investigation  was  supported  by  a  research  grant  from  the  National  Institutes  of  Health, 
Public  Health  Service. 
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The  Galveston  area  samples  were  from  the  Gulf  at  about  2  5-3  5  feet 
depth  and  from  one  to  some  6  or  8  miles  offshore.  The  Rockport  area 
samples  were  either  from  Aransas  Bay  from  a  depth  of  8  to  10  feet,  or 
from  the  Gulf  some  6  to  8  miles  offshore  from  Mustang  Island  at  a  depth 
of  perhaps  100  feet.  Other  than  the  Brownsville  samples  all  shrimp  were 
the  white  or  bay  shrimp,  Penaeus  setiferus . 

The  samples  from  the  Galveston  and  Rockport  areas  were  taken  by 
trawl  from  boats  which  fish  and  return  the  same  day.  The  shrimp  generally 
were  given  no  wash  other  than  that  incident  to  lifting  the  loaded  trawl 
through  the  water.  In  a  few  instances  they  were  hosed  with  sea  water  on 
the  deck. 

Sea  water  samples  for  bacteriological  examination  were  collected  at 
the  same  time  as  the  shrimp  samples. 

CULTURAL  PROCEDURE 

Promptly  after  the  trawl  was  emptied  on  the  deck,  shrimp  of  about 
30-40  count  size  (30-40  shrimp  per  pound)  were  selected  at  random  for 
examination.  Two  procedures  of  preliminary  handling  of  the  samples  have 
been  followed.  At  times  two  shrimp  were  placed  in  a  wide  mouth  bottle 
containing  100  ml  of  sterile  sea  or  tap  water  and  shaken  vigorously  for 
about  100  times.  The  wash  water  was  then  transferred  to  a  sterile  bottle 
and  held  in  crushed  ice  until  arrival  at  the  laboratory.  At  other  times  shrimp 
were  placed  in  a  wide  mouth  bottle  which  was  then  packed  in  crushed  ice 
and  taken  to  the  laboratory  where  they  were  prepared  for  culturing  as  just 
described.  No  perceptible  difference  in  results  between  the  two  procedures 
was  manifest. 

Our  method  of  handling  samples  for  bacteriological  examination  differs 
from  that  of  Green  (1949a)  who  included  macerated  shrimp  tissue  as  a 
part  of  the  sample.  Numerous  examinations  indicated  that  the  tissue  is  not 
a  source  of  bacteria.  Consequently  we  have  concerned  ourselves  only  with 
the  surface  washings. 

At  the  time  of  culturing  the  washings  were  shaken  thoroughly  and 
decimal  dilutions  were  made  in  sterile  tap  or  sea  water.  Cultures  were  made 
from  the  dilutions  for  incubation  at  different  temperatures  in  a  variety  of 
media  selected  to  detect  as  great  a  variety  as  possible  of  organisms  of  po¬ 
tential  spoilage  significance.  The  plating  media  included  nutrient  agar  and 
dextrose  tryptone  nutrient  agar,  each  prepared  with  distilled  water,  with 
3  %  sodium  chloride  solution,  and  with  sea  water  as  diluent.  Potato-dextrose 
agar  at  pH  3.5  was  inoculated  to  detect  yeasts  and  molds  which  might  be 
present.  Tubes  of  freshly  steamed  liver  infusion  over  liver  tissue  and  brain 
heart  infusion,  each  stratified  with  nutrient  agar  after  inoculation,  were 
inoculated  for  anaerobes. 

All  media  other  than  the  acid  agar  were  adjusted  to  pH  6.8. 

Parallel  cultures  for  anaerobes  and  on  the  various  nutrient  agars  for 
quantitative  counting  were  incubated  at  room  temperature  (range  from 
about  24  C  (75  F)  to  about  3  5  C  (95  F)  and  at  refrigerator  temperature, 
which  was  about  8  C  (46  F).  Parallel  cultures  on  dextrose  tryptone  medium 
were  incubated  at  room  temperature  and  at  54  C  (130  F)  to  detect  thermo¬ 
philic  bacteria  if  present.  Examination  for  growth  and  counting  was  made 
at  2  and  5  day  intervals.  Representative  colonies  were  subcultured  for  future 
identification. 
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The  water  samples  were  tested  for  lactose  fermenting  bacilli  and  for 
total  count  by  the  customary  procedures. 

RESULTS  AND  DISCUSSION 

Numerous  comparative  counts  from  each  of  the  plating  media  estab¬ 
lished  conclusively  the  superior  productivity  of  the  sea  water  medium.  A 
2  to  3  fold  increase  in  count  over  the  distilled  water  medium  was  regularly 
obtained.  One  series  of  experiments  in  which  artificial  sea  water  was  used 
as  a  diluent  for  the  medium  was  compared  with  the  other  plating  media 
showed  that  the  superiority  of  the  sea  water  medium  was  not  due  to  the 
salt  content.  The  artificial  sea  water  medium  was  inferior  in  productivity 
to  the  distilled  water  medium,  which  was  inferior  to  the  3%  sodium  chloride 
medium.  Half-strength  sea  water  medium  has  yielded  counts  equally  as  high 
as  the  full-strength  medium. 

Our  results  with  the  use  of  sea  water  as  a  diluent  for  culture  media  for 
marine  bacteria  are  in  general  in  accord  with  the  experience  of  others 
(Zobell,  1946).  We  have  not,  however,  observed  any  advantage  from  the 
use  of  aged  sea  water.  In  our  work  the  past  two  years  we  have  used  only 
sea-water  medium  for  quantitative  counts. 

Numerous  efforts  were  made  to  relate  the  size  of  the  shrimp  to  the 
counts  obtained.  Many  examinations  of  individual  shrimp  where  either  the 
weight  of  the  shrimp  or  its  displacement  of  water  was  recorded  have  been 
made.  High  counts  have  been  obtained  on  small  shrimp  and  low  counts  on 
large  shrimp.  We  have  been  forced  to  the  conclusion  that  it  is  not  possible 
to  correlate  the  total  count  of  freshly  caught  shrimp  with  size.  The  number 
of  bacteria  present  as  determined  by  the  procedures  here  described  seem  to 
depend  upon  the  amount  of  washing  the  shrimp  receive  before  selection  for 
examination.  High  counts  will  be  obtained  if  some  mud,  even  though  ex¬ 
tremely  slight  in  amount,  is  carried  by  the  shrimp  up  to  the  examination. 
If  the  shrimp  are  first  washed  with  a  hose  the  counts  will  be  lower  than  if 
selected  at  random  and  cultured  without  prior  washing.  Cultures  on  whole 
shrimp  and  on  the  tail  portion  have  clearly  established  that  most  of  the 
bacteria  are  carried  on  the  cephalothorax.  Close  observation  of  the  shrimp 
has  more  frequently  revealed  small  amounts  of  mud,  which  was  removed 
only  with  difficulty,  attached  to  the  appendages  of  the  cephalothorax  than 
to  the  tail  portion.  Certainly  in  this  observation  an  adequate  explanation 
of  differences  in  count  in  the  two  parts  of  the  body  is  provided. 

Our  observation  of  a  lower  bacterial  load  being  carried  by  the  tail 
portion  of  the  body  is  in  accord  with  the  findings  of  Green  (1949b). 

Bacteria  capable  of  growth  at  refrigerator  temperature  have  been  iso¬ 
lated  regularly,  but  no  obligately  psychrophilic  organism  has  been  encoun¬ 
tered.  Most  of  the  bacteria  capable  of  growth  at  low  temperature  were 
either  Achromobacter  or  Pseudomonas  species,  although  representatives  of 
other  genera  were  consistently  present.  Since  each  of  the  two  dominant 
types  has  considerable  spoilage  significance,  especially  for  marine  products 
(Reay  and  Shewan,  1949),  the  ability  to  grow  at  low  temperature  is  es¬ 
pecially  noteworthy. 

Relatively  low  counts  were  given  by  plates  incubated  at  the  thermo¬ 
philic  temperature.  All  of  the  organisms  which  developed  proved  to  be 
spore  formers,  none  of  which  was  obligately  thermophilic. 
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In  no  instance  was  a  high  count  obtained  on  potato  dextrose  acid 
agar.  A  number  of  yeasts  isolated  during  the  progress  of  the  work  have 
been  submitted  to  Dr.  E.  M.  Mark,  of  the  University  of  California  at 
Davis,  for  identification.  His  report  will  be  forthcoming  in  the  near 
future.  The  occasional  mold  colony  noted  was  disregarded  since  it  seemed 
obvious  that  these  were  from  air  contamination  in  each  instance  where  they 
were  observed. 

Very  few  of  the  anaerobic  cultures  incubated  at  refrigerator  tempera¬ 
ture  showed  growth.  Practically  all  of  those  at  room  temperature  were  posi¬ 
tive,  but  no  obligate  anaerobe  could  be  isolated  from  any  tube.  There  seemed 
to  be  no  difference  in  productivity  between  the  two  media  compared. 

The  quantitative  counts  which  have  been  recorded,  both  from  indi¬ 
vidual  shrimp  and  from  composites,  have  been  too  variable  to  justify  con¬ 
clusions  as  to  the  total  bacterial  load  carried  by  shrimp  as  captured.  Counts 
which  have  been  obtained  range  from  3,000  per  ml  of  washing  to  a  maxi¬ 
mum  of  about  2,000,000.  Heading  reduces  the  count  from  5  0  to  60% 
to  as  much  as  perhaps  80%.  The  washing  following  heading  as  a  result  of 
fluming  has  not  been  observed  to  result  in  any  significant  decrease  in  total 
count. 

Counts  on  the  sea  water  ranged  from  a  low  of  9  to  a  maximum  of  5  5  0 
per  ml.  Most  of  the  samples  showed  fewer  than  50  per  ml.  Coliform  bac¬ 
teria  were  of  irregular  occurrence,  and  were  present  only  in  samples  from 
near  the  shore.  Most  of  the  samples  which  showed  coliform  bacteria  were 
from  the  vicinity  of  Galveston  Island. 

SUMMARY 

Bacteriological  examination  of  surface  washings  of  shrimp  from  the 
Gulf  of  Mexico  and  Matagorda  Bay  over  a  period  of  four  years  indicate 
that  the  bacteria  naturally  present  on  the  shrimp  at  the  time  of  capture  vary 
greatly  in  number.  Most  of  the  attached  bacteria  were  carried  by  the 
cephalothorax  portion  of  the  shrimp. 

No  obligate  thermophilic  bacteria  or  obligate  anaerobes  were  recovered. 
Numerous  bacteria  capable  of  growth  at  refrigerator  temperature  were 
demonstrated,  but  none  was  obligately  psychrophilic. 

Highest  counts  were  obtained  with  media  prepared  with  sea  water  as 
a  diluent. 
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THE  BACTERIOLOGY  OF  GULF  COAST  SHRIMP* 

II.  QUALITATIVE  OBSERVATIONS  ON  THE 
EXTERNAL  FLORA 

O.  B.  WILLIAMS,  L.  LEON  CAMPBELL,  JR.,  AND  HORACE  B.  REES,  JR. 
Department  of  Bacteriology 
University  of  Texas 

The  spoilage  of  marine  products,  as  well  as  most  other  foods,  is  gen¬ 
erally  attributed  to  three  main  causes:  (1)  The  presence  of  autolytic  en¬ 
zymes,  which  are  in  part  responsible  for  the  gradual  softening  of  the  tissues; 
(2)  oxidative  changes,  such  as  the  development  of  rancidity  and  (3)  bac¬ 
terial  activity  which  brings  about  very  noticeable  changes  in  the  flavor,  odor, 
and  general  appearance  of  the  particular  product  involved.  Of  the  three, 
the  latter  is  probably  the  most  important,  and  for  this  reason  the  types  of 
bacteria  present  and  their  characteristics  are  important  in  developing  and 
improving  methods  of  handling  and  preservation  of  marine  products. 

As  a  result  of  numerous  investigations  both  here  and  abroad  it  has 
been  established  that  the  bacteria  involved  in  the  spoilage  of  fish  are  repre¬ 
sentatives  of  common  soil  and  water  types  which  are  found  in  the  sea,  and 
are  present  on  freshly  caught  fish  and  on  the  surfaces  with  which  the  fish 
come  into  contact  during  handling,  storage  and  distribution.  Reay  and 
Shewan  (1949)  in  their  comprehensive  review  dealing  with  the  spoilage  and 
preservation  of  fish  point  out  that  of  the  various  genera  found  on  fish  the 
most  important  are  Achromobacter ,  Micrococcus,  Flavobacterium,  Pseudo¬ 
monas,  and  Bacillus.  Although  members  of  the  coli-aerogenes  group  have 
been  found  in  several  investigations  their  presence  seemed  to  be  of  minor 
significance  from  the  standpoint  of  spoilage.  Thus  we  have  at  present  a 
reasonably  clear  picture  of  the  initial  microbial  flora  of  fish  and  of  the 
source  of  the  significant  genera. 

The-  only  report  found  in  the  literature,  however,  dealing  with  the 
genera  of  the  microbial  flora  of  shrimp  was  that  of  Green  (1949),  who 
was  interested  only  in  the  coliform  bacteria.  She  found  that  of  41  samples 
of  freshly  caught  shrimp,  49%  contained  members  of  the  coli-aerogenes 
group,  the  predominant  type  belonging  to  the  genus  Aerobacter .  Escherichia 
coli  was  found  in  only  one  sample. 

As  a  part  of  our  investigation  of  the  bacteria  of  shrimp  as  captured 
it  seemed  desirable  to  determine  what  genera  were  represented  among  the 
surface  bacteria,  and  their  relative  abundance.  The  present  report  gives  the 
results  of  the  genus  identification  of  1200  cultures  isolated  from  Gulf  coast 
shrimp. 

EXPERIMENTAL 

The  collection  and  methods  of  handling  the  shrimp  samples  have  been 
described  in  Part  I  of  this  series. 

For  the  isolation  of  pure  cultures,  representative  colonies  from  the 
plates  used  in  quantitative  counting  were  picked  and  transferred  to  slants 
of  nutrient-agar  sea-water  medium.  The  purity  of  the  isolated  cultures  was 
checked  by  restreaking  and  reisolation. 


*This  investigation  was  supported  by  a  research  grant  from  the  National  Institutes  of 
Health,  Public  Health  Service. 
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The  bacteria  isolated  were  classified  according  to  the  scheme  of 
Bergey’s  Manual.  Due  to  the  paucity  of  information  on  species  identification 
of  many  of  the  bacteria  from  marine  sources,  we  have  carried  the  identifi¬ 
cation  of  our  isolates  only  to  the  genus.  Morphology  of  the  cultures  was 
determined  by  the  Gram  stain  method.  Spore  staining  was  by  the  method 
of  Schaeffer  and  Fulton.  For  determination  of  the  type  of  flagellation  of 
motile  organisms  the  staining  method  of  Zettnow  was  employed.  In  cases 
where  this  method  was  inconclusive,  electron  microscopy  was  used.  The 
physiological  and  biochemical  reactions  were  carried  out  at  room  tempera¬ 
ture  (20-28  C)  and  at  ice  box  temperature  (4  C)  according  to  the  methods 
customarily  used  in  determinative  bacteriology. 

To  obtain  an  indication  of  the  spoilage  potential  of  the  various  groups 
present  on  shrimp  the  cultures  were  tested  for  their  ability  to  reduce 
trimethylamine  oxide,  for  proteolysis  of  shrimp  tissue  suspensions,  lipolysis 
and  indol  formation. 

RESULTS  AND  DISCUSSION 

It  is  readily  apparent  from  the  data  presented  in  Table  I  that  the  main 
groups  of  bacteria  initially  present  on  Gulf  shrimp  are  the  same  as  those 
genera  found  on  other  marine  products,  namely  Achromohacter ,  Micrococcus, 
Pseudomonas  and  Bacillus. 

Although  the  optimum  temperature  for  growth  of  most  of  these  bac¬ 
teria  is  around  2  5C,  all  of  the  groups  contained  members  which  grew  ac¬ 
tively  at  4C.  In  regard  to  certain  biochemical  characteristics  it  was  found 
that  approximately  62%  of  the  1200  bacterial  isolates  were  proteolytic,  3  5% 
were  lipolytic,  18%  reduced  trimethylamine  oxide  and  12%  formed  indol. 

Those  isolates  capable  of  growth  at  4C  appear  to  possess  the  same 
physiological  abilities  at  4C  as  they  do  at  20-28C,  although  at  the  lower 
temperature  of  incubation  there  may  be  a  considerable  lag  in  the  time  re¬ 
quired  for  the  different  biochemical  reactions  to  become  evident.  This  lag 
period  may  vary  anywhere  from  24  hrs.  to  7  days. 


TABLE  I 

THE  TYPES  OF  BACTERIA  INITIALLY  PRESENT  ON 

FRESH  GULF  SHRIMP 

No.  of  Isolates 

Per  cent 

Bacillus 

249 

20.8 

Escherichia 

50 

4.2 

Aerobacter 

28 

2.3 

Streptococcus 

10 

0.8 

Alcaligenes 

95 

7.9 

Micrococcus 

179 

15.0 

Achromohacter 

328 

27.3 

Flavobacterium 

55 

4.6 

Sarcina 

25 

2.0 

Proteus 

4 

0.3 

Pseudomonas 

177 

14.8 
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THE  BACTERIOLOGY  OF  GULF  COAST  SHRIMP* 

III.  THE  INTESTINAL  FLORA 

O.  B.  WILLIAMS  AND  HORACE  B.  REES,  JR. 

Department  of  Bacteriology 
University  of  Texas 

INTRODUCTION 

Investigations  on  the  bacteria  present  in  and  on  various  kinds  of  marine 
fish  have  been  summarized  recently  by  Reay  and  Shewan  (1949).  Very 
few  similar  data  are  available  for  shrimp,  although  the  size  of  the  industry, 
the  value  of  the  annual  catch,  and  the  spoilage  potentialities  of  shrimp  are 
such  that  there  is  need  for  having  such  information. 

Bacteriological  aspects  of  shrimp  canning  were  the  subject  of  extensive 
study  by  Cameron  and  C.  C.  Williams  (1934),  and  as  a  result  of  their 
work  most  of  the  problems  of  this  branch  of  the  industry  were  either  elimi¬ 
nated  or  reduced  to  a  relatively  insignificant  level.  These  investigators  were 
interested  chiefly  in  the  effect  of  the  type  of  equipment  used,  and  of  the 
various  operations  incident  to  canning,  on  the  number  of  bacteria  carried 
by  the  shrimp,  and  the  pre-  and  post  processing  spoilage  significance  of 
each  type  of  organism.  Their  bacteriological  work  consisted  mainly  of  quan¬ 
titative  determinations,  and  whether  or  not  spoilage  spore  formers  were 
present.  It  was  not  concerned  with  the  natural  flora  of  the  shrimp,  and  did 
not  include  identification  to  species,  or  genus,  of  the  types  detected  along 
the  processing  line.  Green  (1949a,  b,  c,  d)  and  Holmes  and  McCleskey 
(1949)  have  reported  on  an  investigation  of  the  bacteriology  of  shrimp  and 
effects  of  certain  handling  and  processing  operations  on  the  numbers  of 
bacteria  carried.  Their  work  likewise  did  not  include  identification,  except 
for  coliforms  when  these  were  present,  and  did  not  differentiate  between 
surface  and  intestinal  bacteria. 

The  genera  represented  among  the  surface  bacteria  of  Gulf  shrimp 
are  given  in  the  second  paper  of  this  series.  (Williams,  Campbell  and  Rees, 
1951).  The  spoilage  flora  will  be  discussed  in  a  later  communication. 

The  possibility  that  the  bacterial  flora  of  the  gastrointestinal  tract 
might  contribute  significantly  to  the  spoilage  flora,  was  considered  to  be  of 
sufficient  importance  to  justify  a  survey  of  the  kinds  initially  present  as  a 
part  of  the  studies  on  the  bacteriology  of  shrimp  in  relation  to  preserva¬ 
tion.  The  present  report  presents  the  results  which  were  obtained.  Quanti¬ 
tative  data  were  not  developed  because  it  was  not  believed  that  they  would 
have  significance  for  the  work  undertaken.  If  the  edible  tissue  of  the  shrimp 
is  invaded  soon  after  death  from  the  gastrointestinal  tract,  the  rapidity 
with  which  deterioration  takes  place  will  be  controlled  largely  by  conditions 
under  which  the  shrimp  are  held  rather  than  the  initial  number  present  in 
the  intestine.  Shrimp,  in  common  with  other  marine  products,  provide  a 
nutritive  environment  conducive  to  rapid  multiplication  of  the  bacteria 
present  unless  they  are  restrained  by  control  of  the  physical  environment. 
In  that  phase  of  the  program  of  research  which  is  presented  here  the  primary 
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interest  was  on  the  kinds  of  bacteria  which  occur  naturally,  with  full  reali¬ 
zation  that  the  numbers  of  significant  types  would  increase  rapidly  if  per¬ 
mitted  to  do  so. 


MATERIALS  AND  PROCEDURES 

The  shrimp — Shrimp  were  collected  as  described  in  the  first  paper  of 
this  series  (Williams,  Rees  and  Campbell,  1951).  They  were  carried  to 
the  laboratory  in  large-mouth  sealed  jars  which  were  packed  in  crushed  ice, 
and  were  cultured  within  6  to  8  hours  after  capture  with  the  exception  of 
one  lot,  consisting  of  2  5  shrimp,  from  the  Brownsville  collection,  the  exact 
age  of  which  could  not  be  determined.  Other  than  this  lot  from  Browns¬ 
ville,  which  was  Penaeus  duorarum,  all  of  the  shrimp  were  Penaeus  seti ferns 
from  the  general  vicinity  of  Rockport. 

A  total  of  141  shrimp,  taken  between  July  1949  and  March  1950  in 
six  collecting  trips,  were  cultured. 

Dissection  technique — The  shrimp  were  washed  in  distilled  water  to 
remove  the  sand  and  other  debris  from  the  surface,  after  which  they  were 
immersed  in  70%  ethanol  for  about  5  minutes,  rewashed  with  sterile 
saline  solution  and  placed  on  heavy  brown  paper.  The  instruments  used 
were  sterilized  by  alcohol  flaming.  A  portion  of  the  exoskeleton  was  re¬ 
moved  by  cutting  along  the  entire  length  of  the  sides,  and  the  dorsal  plates 
were  removed  with  forceps.  The  intestinal  tract  was  exposed  for  its  full 
length,  severed  near  each  end  with  scissors,  and  placed  in  20  ml  of  a  mix¬ 
ture  of  equal  parts  of  sea  water  and  distilled  water.  Three  to  5  intestinal 
tracts  were  pooled  for  culturing. 

Culturing — Exploratory  experimentation  showed  that  shaking  for  be¬ 
tween  5  and  10  minutes  on  a  Kahn  shaker  at  a  rate  of  about  28  5  strokes 
per  minute  gave  a  good  suspension  of  the  gut  material.  Inoculation  was 
from  suspensions  thus  prepared. 

Two  solid  media,  nutrient  agar  and  dextrose  tryptone  agar,  each  pre¬ 
pared  with  distilled  water,  with  half-strength  sea  water,  and  with  3% 
sodium  chloride,  were  seeded  by  streaking  the  surface  with  two  loopfuls  of 
the  suspension.  Acid  potato  dextrose  agar  was  inoculated  to  detect  yeasts 
and  molds.  Brewer’s  anaerobic  medium,  incubated  in  Varney  jars  and  in 
Brewer  anaerobic  dishes,  was  used  to  detect  anaerobes.  Culturing  for  coli- 
forms  was  done  by  the  customary  procedure,  using  5  tubes  each  for  1  ml 
and  0.1  ml  inocula  of  the  suspension.  Tubes  showing  gas  formation  were 
streaked  to  eosin  methylene  blue  medium  for  colony  characteristics  and 
possible  isolations.  Enterococci  were  tested  for  with  the  SF  medium  of  Hajna 
and  Perry  (1943)  in  a  part  of  the  samples,  according  to  the  procedure  used 
by  Burton  ( 1949)  in  the  examination  of  frozen  foods. 

All  plates  were  incubated  for  sterility  before  inoculation.  The  first 
examination  of  the  incubated  cultures  was  made  after  48  hours  at  room 
temperature.  Representative  colonies  from  the  primary  cultures  were  streaked 
to  ensure  purity.  Isolated  pure  colonies  were  given  code  numbers  indicating 
source  and  medium  upon  which  isolated,  and  transferred  to  agar  slants  for 
future  identification. 

Culture  identification— -The  procedures  used  for  characterization  and 
identification  of  the  isolates  were  those  customary  for  determinative  bacteri¬ 
ology.  Spores  were  stained  by  the  Schaeffer  and  Fulton  method.  Motility 
was  detected  by  hanging  drop  examination,  and  those  organisms  which  gave 
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negative  or  doubtful  results  were  stab  inoculated  into  0.5  per  cent  agar 
medium  for  the  cultural  testing  of  motility.  Flagella  arrangement  on  motile 
forms,  a  determining  characteristic  for  differentiation  of  Achromohacter 
and  non-pigmented  Pseudomonas ,  was  established  by  Zett  now’s  flagella 
staining  procedure.  Gelatinase  production  was  detected  by  cultivation  in 
nutrient  gelatin,  and  on  Frazier’s  medium.  Hydrogen  sulfide  production 
was  demonstrated  with  Kligler’s  iron  medium.  Tests  for  indol  and  urease 
production  were  made  with  the  medium  of  Roland  (1947),  which  was 
sterilized  by  filtration.  All  other  media  were  prepared  and  sterilized  in  the 
usual  way.  Diluted  sea  water  was  used  for  making  all  media.  Incubation 
was  at  room  temperature.  Identification,  where  possible,  was  in  accordance 
with  the  scheme  of  Bergey’s  Manual  ( 1948) . 

RESULTS  AND  DISCUSSION 

No  member  of  the  coliform  group  and  no  enterococcus  was  detected 
in  any  test.  The  absence  of  these  organisms  from  the  intestinal  tract  of  as 
many  shrimp  as  were  tested  suggests  strongly  that  when  such  bacteria  are 
on  processed  shrimp  they  are  from  exogenous  sources,  and  may  have  sani¬ 
tary  significance. 

No  obligate  anaerobic  organism  was  recovered. 

Fungi  were  encountered  twice,  but  it  was  believed  that  air  borne 
contamination  was  responsible  for  the  growth  each  time,  and  accordingly 
isolation  and  identification  was  not  done.  Three  yeasts  from  P.  setiferus, 
two  of  which  came  from  a  "cotton”,  or  possibly  diseased,  shrimp  were  iso¬ 
lated,  and  have  been  submitted  to  Dr.  E.  M.  Mrak,  of  the  University  of 
California,  for  identification.  It  is  clear  that  yeasts  are  not  prominent  among 
the  intestinal  flora  of  shrimp. 

Five  organisms,  including  one  Gram  negative  coccus  from  Penaeus 
duorarum ,  two  small  Gram  negative  rods,  one  small  Gram  positive  rod  and 
one  coccoid  Gram  variable  rod  each  represented  by  a  single  isolation  from 
P.  setiferus ,  could  not  be  fitted  into  the  Bergey  scheme  fully  enough  to 
assign  with  certainty  to  a  genus. 

Isolations  carried  to  a  genus  but  which  could  not  be  identified  with 
certainty  to  a  species  included: 

M tcrococcus—7  types 

Achromohacter—  5  types 

FlavO'bacterium—2  types 

Bacterium— 12  types 

Bacillus— 4  types 

Isolations  which  were  identified  to  species  were  as  follows:  Pseudo¬ 
monas  nigr if team,  Ps.  effusa,  Ps.  convex  a,  Micrococcus  ureae,  M.  flavus , 
M.  candidus,  M.  varians ,  M.  caseolyticus ,  M.  aurantiacus ,  M.  epidermidis, 
Alcaligene's  marshallii,  Achromohacter  delicatulum,  Ac  hr.,  aquamarmus , 
Ac  hr,  cycloclastes,  Ac  hr.  superficial,  Achr .  stenohalis ,  Ac  hr.  eurydice, 
Achr .  delmarvae,  Flavohactermm  aquatile,  Flavor  f  us  cum,  Serratia  pis  cat  ar¬ 
um,  Bacterium  racemosum ,  Bad.  sociovivum ,  Bad.  lucrosum ,  Bad.  algini- 
cum,  Bacillus  subtilis ,  B.  pumilus ,  B.  firmus. 

There  was  no  indication  of  a  difference  in  flora  between  P.  setiferus  and 
P.  duorarum. 

Representatives  of  the  Bacterium ,  the  Achromohacter  and  the  Micro¬ 
coccus  genera  dominated  the  flora  and  were  of  about  equal  frequency  on 
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the  plates.  Members  of  the  Bacillus  and  Blavobacterium  genera  were  observed 
often  enough  to  suggest  that  they  were  regularly  a  part  of  the  normal  flora. 

The  genera  represented  among  the  intestinal  flora  do  not  differ  from 
those  found  among  the  external  flora  (Williams,  Campbell  and  Rees,  1951) 
nor  from  the  flora  of  fish  as  tabulated  by  Reay  and  Shewan  (1949).  The 
spoilage  significance  of  the  intestinal  flora  consequently  cannot  be  evaluated 
independently  of  the  external  flora. 
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NOTES  ON  SOME  MARINE  SHELLS  FROM  THE 
GULF  OF  MEXICO  WITH  A  DESCRIPTION  OF  A 
NEW  SPECIES  OF  CONUS 

\V.  J.  CLENCH  AND  T.  E.  PULLEY 
Harvard  University 

Conus  mazei  Deshayes 

Conus  mazei  Deshayes  1874,  Journal  de  Conchyliologie  22,  p.  64,  pi.  1, 
fig.  1  (Martinique);  Clench  1942,  Johnsonia  1,  Conus ,  p.  17,  pi.  9,  fig.  1. 

A  single  specimen  of  this  species  was  obtained  by  Mr.  McRae"'  from 
North  Lat.  26°  48’;  West  Long.  96°  23’  in  200  fathoms.  This  locality  is 
about  50  miles  east  of  Padre  Island,  Texas.  This  is  the  first  specimen  we 
have  seen  from  north  of  Cuba.  Its  previous  known  range  was  from  Matanzas, 
Cuba  east  to  the  Virgin  Islands  and  south  through  the  lesser  Antilles  to 
Grenada  in  depths  ranging  from  92  to  240  fathoms. 

Conus  frisbeyae,  new  species 
Plate  A  fig.  1 

Description :  Shell  medium  to  small  in  size,  reaching  about  3  3  mm. 
(1*4  inches)  in  length,  rather  solid  and  strongly  sculptured.  Whorls  12, 
last  whorl  slightly  convex  above,  rather  deeply  concave  below.  Color  con¬ 
sisting  of  a  series  of  brown  spots  regularly  disposed  on  the  spiral  cords  and 
somewhat  irregularly  aligned  axially.  The  basic  color  of  the  shell  is  a  light 
cream  with  fine  axial  threads  of  white  in  the  interspaces  between  the  cords. 
Spire  extended,  acute  and  moderately  concave.  Aperture  narrow  and  nearly 
equal  in  width  throughout  its  length,  deeply  and  concavely  inset  at  the  anal 
notch.  Outer  lip  thin.  Inner  lip  not  indicated  by  any  glaze.  Columella  not 
indicated.  Suture  slightly  indented  and  a  little  wavy  owing  to  its  develop¬ 
ment  along  the  beaded  cords.  Sculpture  consisting  of  a  series  of  beaded  or 
knobbed  spiral  cords  which  number  about  20  on  the  body  whorl.  The  small 
knobs  are  best  developed  on  the  shoulder  cord  and  become  progressively  less 
so  toward  the  base  of  the  shell.  On  the  spire,  the  knobs  are  well  developed 
and  the  early  post-nuclear  whorls  are,  in  addition,  slightly  carinated.  Oper¬ 
culum  unknown. 

length  width  whorls 

32.5  14.4  mm.  12  Holotype 

Types :  Holotype.  Museum  of  Comparative  Zoology,  no.  187708  from 
the  Campeche  Banks,  Yucatan,  Mexico  in  about  23  fathoms.  Received  from 
Mrs.  W.  C.  Frisbey,  originally  from  a  shrimp  trawler. 

Remarks :  This  species  is  fairly  close  in  its  relationship  to  C.  clarki 
Rehder  and  Abbott.  It  differs  from  clarki  by  being  proportionately  narrower, 
having  a  more  acute,  conic  portion  of  the  spire  and  is  possessing  fewer  and 
more  pronounced  spiral  cords.  The  colored  spots  on  the  spiral  cords  are  far 
more  developed  in  frisbeyae ,  making  the  shell  appear  strongly  papillose. 

Pec  ten  glyptus  Verrill 
Plate  A  fig.  2 


*Texas  Game  and  Fish  Commission  Marine  Laboratory,  Rockpodt,  Texas. 
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FIG.  1 — Conus  frisbeyae  Clench  and  Pulley,  Holotype  (2x). 
FIG.  2 — Pecten  glyptus  Verrill  (nat.  size). 

FIG.  3-5 — Chione  clenchi  Pulley,  Holotype  (nat.  size) 

FIG.  6 — Chione  latilirata  Conrad  (nat.  size). 
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Pecten  glyptus  Verrill  1882,  Trans.  Connecticut  Acad.,  5,  part  2,  p. 
5  80;  Dali  1889,  Proc.  United  States  Nat.  Mus.,  12,  no.  773,  p.  248,  pi.  8, 
figs.  2-3. 

Pecten  tryoni  Dali  1889,  Bull.  Mus.  Comp.  Zool.,  18,  p.  43  8. 

Cblamys  ( Aequipecten )  glypta  Verrill  1897,  Trans.  Connecticut  Acad., 
10,  p.  76,  ph  16,  figs.  8  and  9  (not  figs.  7,  10,  11). 

Pecten  ( Aequipecten )  glyptus  Verrill,  Dali  1898,  Trans.  Wagner  Free 
Inst.  Sci.,  3,  part  4,  pp.  734-73  5. 

Aequipecten  glypus  Verrill,  Rehder  and  Abbott,  1951,  Revista  Sociedad 
de  la  Malacologica,  8  no.  2,  p.  5  5. 

This  species  was  first  described  by  Verrill  from  a  mixed  lot  of  badly 
worn  and  broken  shells,  with  the  type  locality  being  given  as  off  Martha’s 
Vineyard  in  8  5  to  120  fathoms.  Verrill’s  description  was  inadequate,  and  the 
species  was  not  figured.  Dali,  in  1889,  described  Pecten  tryoni  from  the 
waters  of  the  Gulf  Stream  off  Cape  Hatteras  in  124  fathoms,  but  later 
in  that  same  year  he  synonymized  his  species  with  Pecten  glyptus  Verrill. 

In  recent  months  a  number  of  specimens  of  Pecten  that  are  clearly 
referable  to  Pecten  tryoni  Dali  have  been  taken  from  the  Gulf  of  Mexico 
at  depths  ranging  from  8  3  to  232  fathoms.  It  did  not  at  first  seem  likely 
that  the  same  species  could  exist  in  approximately  the  same  depth  of  water 
from  southern  Texas  and  the  Straits  of  Florida  to  the  banks  off  Martha’s 
Vineyard,  Massachusetts. 

In  order  to  confirm  the  identity  of  the  Texas  speciments,  type  material 
of  both  Pecten  glyptus  Verrill  and  Pecten  tryoni  Dali  was  borrowed  from 
the  United  States  National  Museum.  This  material  did  prove  the  identity  of 
the  two  species,  and  a  more  careful  checking  of  Verrill’s  locality  data  revealed 
that  his  specimens  actually  came  from  a  point  8  5  to  90  miles  south  of 
Martha’s  Vineyard,  or  due  east  of  Barnegat  Bay,  New  Jersey.  In  this  area 
a  band  of  relatively  warm  water  is  known  to  extend  northward  along  the 
continental  shelf,  and  Verrill  reported  bottom  temperatures  of  49°-51°F. 
Although  the  bottom  temperature  where  Dali’s  specimens  were  taken  off 
Cape  Hatteras  was  not  recorded,  other  stations  nearby  in  1 1 1  fathoms  and 
178  fathoms  have  recorded  temperatures  of  62.8°  and  49.5°F.  respectively. 
The  temperatures  where  the  specimens  were  taken  in  the  Gulf  of  Mexico 
are  also  unknown,  but  the  hydrographic  observations  in  the  Gulf  reported 
by  A.  E.  Parr  (193  5)"'  would  indicate  likely  temperatures  of  from  50°  to 
60  °F.  It  is  thus  seen  that  if  temperature  is  the  limiting  factor,  then  there 
is  no  reason  why  a  species  should  not  occupy  a  continuous  range  between 
New  Jersey  and  Mexico  at  depths  from  100  to  200  fathoms.  It  will  be 
interesting  to  see  what  other  species  duplicate  the  range  of  Pecten  glyptus. 

A  NEW  SPECIES  OF  CHIONE  FROM  THE 
WESTERN  GULF  OF  MEXICO 

T.  E.  PULLEY 
Harvard  University 
Chione  clenchi  new  species 
Plate  A  Fig.  3-5 

Description:  Shell  subtrigonal,  heavy,  moderately  inflated,  and  with 
broad,  rounded,  concentric  ribs.  External  color  dirty  white  with  irregular 
brown  spots  or  bars  and  frequently  with  brown  rays  radiating  from  the 
umbones.  Interior  white,  sometimes  with  a  purple  or  brown  streak  under 
the  posterior  slope.  Umbones  full,  anterior,  and  recurved  forward.  Ligament 
cordate,  sunken,  crossed  only  by  fine  growth  lines,  and  bounded  by  an  incised 


*Parr,  A.  E, — J935 — Bull.  Bingham  Oceanog.  Coll.  5(1)  :  1-93. 
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line.  Escutcheon  of  moderate  size,  narrow,  bounded  by  distinct  ridges  and 
crossed  only  by  faint  growth  lines.  The  sculpture  of  shells  approximately  3  0 
mm.  in  length  consists  of  12  to  15  rounded  concentric  ribs.  Microscopic 
sculpture  of  fine  growth  lines  only.  The  ribs  terminate  anteriorly  at  the 
margin  of  the  lunule  and  posteriorly  in  a  series  of  flexures  which  produces 
a  somewhat  knobby  ridge  slightly  anterior  to  the  escutcheon.  The  area  be¬ 
tween  the  escutcheon  and  the  ridge  of  flexures  is  crossed  by  irregular  ribs 
which  may  or  may  not  be  continuations  of  the  ribs  of  the  disc.  Hinge  plate 
well  developed  with  three  cardinal  teeth  in  each  valve.  The  left  posterior 
cardinal  is  united  with  the  nymph  plate.  Nymph  plates  of  both  valves 
with  narrow  rugose  areas.  Pallial  line  faintly  visible  with  a  very  small  pallial 
sinus.  Inner  margin  finely  crenulate  except  at  the  escutcheon  where  the 
margin  is  smooth  and  the  right  valve  slightly  overlaps  the  left.  The  crenu- 
lation  along  the  margin  of  the  lunule  and  on  the  anterior  and  posterior 
borders  is  much  finer  than  along  the  ventral  border.  Periostracum  incon¬ 
spicuous. 


LENGTH 

HEIGHT 

THICKNESS 

29 

23 

20 

HOLOTYPE 

30 

23 

19 

PARATYPE 

28 

23 

18 

” 

33 

26 

21 

53 

Types:  Holotype,  Museum  of  Comparative  Zoology,  no.  1875  86,  from 
northeast  of  Port  Isabel,  Texas  in  30-31  fathoms.  It  was  collected  by  the 
shrimp  boat  owned  by  Mr.  and  Mrs.  L.  A.  Weisenhaus  of  Port  Isabel.  Para- 
types  are  from  the  same  locality.  Additional  paratypes  are  from  southeast 
of  Freeport,  Texas  in  14-16  fathoms,  off  St.  Joseph’s  Island,  Texas,  and 
20-30  miles  south  of  Port  Aransas,  Texas  in  18-24  fathoms. 

Remarks :  This  species  is  quite  similar  to  both  Chione  latilirata  Conrad 
and  Chione  paphia  Linne,  differing  from  them  primarily  in  the  nature  of  the 
ribbing.  In  other  respects,  such  as  the  hinge  plate,  lunule,  escutcheon,  and 
pallial  line,  they  are  remarkably  uniform.  In  C.  latilirata  the  ribs  are  much 
wider  than  in  either  of  the  other  species.  Specimens  approximately  30  mm. 
long  show  8  or  9  ribs  which  are  characteristically  reflected  dorsally  to  pro¬ 
duce  a  deep  groove  between  adjacent  ribs  and  a  sharp  ridge  along  the  dorsal 
margin  of  each  rib.  C.  paphia  attains  a  larger  size  than  either  of  the  other 
species.  Its  ribs  are  somewhat  more  numerous  than  in  C.  latilirata  and  may 
or  may  not  be  reflected  dorsally.  The  ribs  of  C.  paphia  are  quite  distinct, 
however,  along  the  posterior  border  of  the  shell  where  each  of  the  broad 
ribs  is  suddenly  compressed  into  a  very  thin  elevated  plate.  The  ribs  of  C. 
clenchi  are  about  equal  in  size  and  number  to  those  seen  in  C.  paphia  when 
shells  of  equal  size  are  compared.  However,  the  ribs  of  C.  clenchi  are  neither 
reflected  dorsally  nor  flattened  into  elevated  plates  on  the  posterior  slope  of 
the  shell.  Instead,  the  ribs  of  C.  clenchi  characteristically  undergo  a  rather 
sharp  flexure  along  the  posterior  slope  to  produce  a  somewhat  knobby  ridge. 
Between  this  ridge  and  the  escutcheon  are  a  series  of  smaller  ribs  which  cor¬ 
respond  only  in  part  to  the  major  ribbing. 

Range :  Texas  and  south  along  the  east  coast  of  Mexico  to  the  Cam¬ 
peche  Banks,  probably  in  water  from  6  to  30  or  more  fathoms  in  depth. 

Records :  Texas:  Galveston;  southeast  of  Freeport  in  14-16  fathoms;  off 
St.  Joseph’s  Island;  Port  Aransas;  northeast  of  Port  Isabel  in  30-31  fathoms; 
Port  Isabel;  Boca  Chica  Beach,  Brownsville.  Mexico:  Tuxpam;  15  miles  north 
of  Tecolutla;  Puerto  Veracruz;  Nautla;  Campeche  Banks  in  6-10  fathoms. 
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FOULING  SERPULID  WORMS,  NEW  TO  THE 
GULF  OF  MEXICO* 

OLGA  HARTMAN 
Allan  Hancock  Foundation 
University  of  Southern  California 

The  existence  of  a  colonial  serpulid  annelid  from  the  hulls  of  ships  is 
earlier  noted  (Hartman,  1951,  Publ.  Inst.  Mar.  Sci.,  pi.  3).  The  identity 
of  the  species  has  recently  been  made  possible  through  collections  made  by 
Dr.  Gordon  Gunter,  Institute  of  Marine  Science,  Texas.  The  materials  come 
from  the  bottom  of  a  boat  which  had  been  used  in  snapper  fishing  off  the 
Texas  coast  but  had  spent  a  large  part  of  its  time  in  Corpus  Christi  Bay, 
Texas. 


This  is  Contribution  No.  86  from  the  Allan  Hancock  Foundation,  University  of  Southern 
California,  Los  Angeles,  California. 


64 


The  Texas  Journal  of  Science 


1952,  No.  1 
March  30 


The  tubes  are  those  of  the  serpulid  annelid,  Hydroides  norvegica  (Gun- 
nerus).  They  form  a  compact  mass  in  which  the  separate  tubes  are  irregularly 
erect.  Except  for  smaller  size,  the  tubes  agree  closely  with  some  others  that 
were  taken  from  the  hull  of  the  Velero  III  in  Los  Angeles  harbor,  California 
(collection  of  the  Allan  Hancock  Foundation).  The  species  is  known  from 
cosmopolitan  areas  on  the  bottoms  of  ships  especially  on  interoceanic  vessels. 

Hydroides  norvegica  is  easily  identifiable  for  its  opercular  structures. 
The  stalk  is  long,  slender  and  carries  the  operculum  distally  beyond  the  tenta¬ 
cular  crown.  Typically  the  basal  disk  is  soft  and  white;  it  has  15  to  28 
marginal  crenulations  in  a  nearly  symmetrical  arrangement.  The  distal  horny 
yellow  disk  has  about  13  marginal  processes  that  resemble  one  another.  Each 
ends  in  a  large  straight  spine  ornamented  with  2  or  3  pairs  of  smaller,  lateral 
straight  spines  (fig.  2).  The  inner  side  of  the  distal  disk  is  provided  with 
median  series  of  low  knobs  that  number  1  or  2  on  each  division. 

Striking  irregularities  are  to  be  observed  in  the  specimens  from  Texas. 
Thus,  the  basal  disk  may  be  double  (fig.  1)  or  it  may  be  greatly  reduced  in 
its  circumference;  its  marginal  crenulations  may  be  broadly  rounded  or  they 
may  be  tapering  to  blunt  tips.  The  distal  disk  may  have  major  spines  that 
are  proportionately  long  to  short;  the  lateral  spines  may  number  only  1  pair 
or  the  individual  spines  may  be  furcated  at  the  tip.  The  spines  within  the 
upper  disk  may  be  readily  seen  or  almost  obscure.  These  variations  can  be 
seen  within  a  single  colony  of  tubes. 

The  tubes  of  Hydroides  norvegica  from  Texas  are  associated  with  a  few 
representatives  of  other  annelids  including  Mercierella  enigmatic  a  Fauvel, 
Podarke ,  near  guanica  Hoagland,  Nereis  pelagica  occidentalis  Hartman,  and 
juvenile  stages  of  syllid  and  spionid  worms. 

The  occurrence  of  Mercierella  enigmatica  is  especially  noteworthy  since 
this  species  is  notably  brackish  to  euryhaline  in  its  tolerances.  Though  not 
described  until  1923,  it  is  now  known  to  have  a  wide  geographic,  though 
disjunct  distribution.  It  is  recorded  from  areas  including  western  and  south¬ 
ern  Europe,  the  Black  Sea,  west  Caucasas,  Swan  River  in  western  Australia 
and  Lake  Merritt,  a  branch  of  San  Francisco  Bay  in  California.  More  recently 
it  has  been  discovered  in  Puerto  Quequen,  Buenos  Aires  Province,  Argentina 
(Rioja  1943,  An.  Inst.  Biol.  Mexico,  vol.  14,  pp.  541-5  5  1  ).  Collections  newly 
received  from  Dr.  Robert  W.  Hiatt,  come  from  Ala  Wai  Canal,  Hawaii, 
April  18,  1948.  The  collection  from  Texas  is  the  first  record  of  its  occur¬ 
rence  from  the  eastern  part  of  North  America  and  only  the  third  from  tbe 
entire  Western  Hemisphere. 

Mercierella  enigmatica  is  characterized  especially  for  its  massed  tube 
clumps;  the  tentacular  crown  is  marked  by  highly  colored  transverse  bars; 
the  opercular  stalk  is  smooth  and  slender;  it  terminates  distally  in  an  asym¬ 
metrical  sphere  that  is  flat  at  its  end  and  surmounted  by  many  dark  brown, 
curved  spines.  The  occurrence  of  the  species  in  brackish  or  fluctuating  saline 
bays  or  inlets  is  to  be  expected;  it  is  to  be  sought  especially  on  the  under  sides 
of  piers,  boats  or  other  floating  objects  that  are  constantly  submerged. 
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KEYS  TO  THE  LARVAE  OF  TEXAS  MOSQUITOES 
WITH  NOTES  ON  RECENT  SYNONOMY* ** 

I.  KEY  TO  GENERA  AND  TO  THE  SPECIES 
OF  THE  GENUS  AEDES 

OSMOND  P.  BRELAND*  * 

University  of  Texas 

INTRODUCTION 

For  many  years  miscellaneous  collections  of  mosquitoes  were  made  in 
Texas,  but  until  1943  there  was  no  attempt  to  list  all  the  species  found  in 
the  state.  At  that  time  a  preliminary  list  of  Texas  mosquitoes  was  published 
(McGregor  and  Eads  1943)  with  notes  on  general  distribution.  Several 
species  were  added  to  this  list  by  O’Neill,  Ogden  and  Eyles  (1944).  Shortly 
after  these  papers  appeared,  a  State  Health  Department  Bulletin  was  pub¬ 
lished  on  the  known  biology,  distribution  and  taxonomy  of  the  mosquitoes 
of  the  state  as  of  that  time  (Randolph  and  O’Neill  1944).  Since  1944,  addi¬ 
tional  papers  include  that  of  Reuger  and  Druce  (1930),  who  list  several 
species  collected  from  Texas  for  the  first  time  and  who  give  new  distribution 
records,  and  an  article  by  Eads  and  Menzies  (1951)  giving  additional  dis¬ 
tribution  data  for  many  species.  In  addition  to  these  somewhat  general  papers, 
several  articles  have  been  written  which  have  been  confined  to  the  biology, 
distribution  or  taxonomy  of  one  of  two  species  that  occur  in  the  state.  This 
is  the  first  of  a  series  of  papers  which  the  writer  hopes  to  publish  on  the 
larvae  of  Texas  mosquitoes.  References  for  these  limited  papers  will  be  given 
when  the  genera  to  which  the  articles  apply  are  discussed. 

Many  keys  have  been  constructed  for  the  identification  of  mosquito- 
larvae  of  a  limited  area  in  the  United  States,  and  for  the  United  States  as  a 
whole  (e.  g.  Matheson  1944;  Carpenter,  Middlekauf  and  Chamberlain  1946). 
At  this  writing,  however,  there  are  no  up-to-date  keys  generally  available 
for  the  larvae  of  mosquitoes  most  likely  to  be  found  in  Texas.  It  is  the  aim 
of  the  present  keys  to  include  all  species  known  from  the  state  at  the  present 
time,  although  additional  species  are  quite  likely  to  be  discovered  as  intensive 
collections  are  made  near  state  boundaries  and  in  relatively  inaccessible  areas. 

During  the  past  several  years  the  writer  and  his  associates  have  made 
numerous  collections  of  mosquito  larvae  from  many  parts  of  Texas,  and  have 
studeied  in  detail  the  biology  and  taxonomy  of  certain  species.  These  studies 
have  indicated  the  need  for  different  keys.  Recent  name  changes,  both  generic 
and  specific,  also  cause  the  construction  of  up-to-date  keys  to  Texas 
mosquitoes  to  be  desirable  at  this  time. 

There  is  considerable  disagreement  among  authorities  relative  to  the 
limits  of  the  family  Culicidae,  the  family  that  includes  the  mosquitoes.  The 
present  series  of  papers  will  deal  only  with  the  genera  included  within  the 
family  in  a  restricted  sense.  The  so-called  phantom  gnats  (Chaoborinae  or 

*Supported  by  the  University  of  Texas  Research  Institute. 

**The  writer  wishes  to  express  appreciation  to.  the  following:  Messrs  Robert  Hedeen,  Albert 
Riedel  and  Orin  P.  Wilkins  who  helped  in  the  constructions  of  the  keys ;  Mr.  George 
Menzies  and  Dr.  Richard  Eads  of  the  Texas  State  Health  Department  who  loaned  speci¬ 
mens  for  study  ;  and  Miss  Grace  Hewitt  who  made  the  drawings. 
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Corethrinae — often  considered  as  a  separate  family)  are  not  included.  The 
species  of  mosquitoes  in  the  United  States  are  divided  into  eleven  recognized 
genera.  These  are  Aedes  Meigen,  Anopheles  Meigen,  Culex  Linnaeus,  Deino- 
cerites  Theobald,  Culiseta  Felt,  Mansonia  Blanchard,  Ortho  pod  cnnyia  Theo¬ 
bald,  Uranotaenia  Lynch- Arribalzaga  and  W yeomyia  Theobald.  Representa¬ 
tives  of  all  these  genera  except  W yeomyia  have  been  collected  in  Texas.  The 
species  of  this  genus  that  occur  in  the  United  States  breed  in  water  collec¬ 
tions  in  certain  plants,  including  pitcher  plants  ( Sarracenia  sp.) .  Although 
no  W yeomyia  have  as  yet  been  reported  from  the  state,  pitcher  plants  occur 
here  and  future  collections  may  reveal  the  presence  of  one  or  more  species 
of  this  genus. 

Two  generic  names  of  mosquitoes  have  been  changed  within  the  past 
few  years  by  mosquito  taxonomists.  Culiseta  Felt  has  replaced  Theobald ia 
Neveu-Lamaire  (Matheson  1944),  and  Toxorhynchites  Theobald  has  been 
substituted  for  M egarhinus  Robineau-Desvoidy  (Stone  1948).  Some  workers 
(e.  g.  Bates  1949)  believe  that  T aeniorhynchus  Lynch- Arribalzaga  has  pri¬ 
ority  over  Mansonia  Blanchard,  but  at  this  writing  Mansonia  rather  than 
T aeniorhynchus  is  still  being  used  by  American  workers. 

The  terminology  used  for  structures  of  importance  in  identification  is 
indicated  in  figures  1,  2  and  3.  Different  possible  situations  in  several  features 
are  illustrated  in  the  diagrams.  These  different  possibilities  are  noted  in  the 
explanations  of  the  figures.  The  keys  are  all  for  fourth  instar  larvae. 

KEY  TO  THE  GENERA  OF  TEXAS  MOSQUITO  LARVAE 

1.  Eighth  abdominal  segment  without  siphon  or  air  tube 

_ _ _ _ Anopheles  Meigen 

Eighth  abdominal  segment  with  a  siphon  as  long  as,  or 


longer  than,  wide _ _ _ 2 

2.  Siphon  without  pecten  teeth _ _ _ 3 

Siphon  with  pecten  teeth _ _ _ 5 


3.  Siphon  cone-shaped,  pointed  distally  with  teeth  on  one  edge 

_ .jr. _ _ _ _____ _ Mansonia  Blanch 

Siphon  cylindrical,  not  pointed  distally;  larvae  usually 

found  in  tree  holes _ ___ _ _ _ ________  _  4 

4.  Comb  scales  of  8th  segment  replaced  by  a  large  chitinized 

plate  with  two  large  setae  on  posterior  edge  of  plate 

_ — . . _ Toxorhynchites  L.  A. 

Comb  scales  of  8  th  segment  consist  of  two  rows  of  long 

rods _ _ _ _ _ Ortho podomyia  Theob. 

5.  Anal  segment  (segment  IX)  with  a  dorsal  and  ventral 

sclerotic  plate;  head  with  a  prominent  pouch  on  each 

side;  larvae  usually  found  in  crab-holes _ Deinocerites  Theob. 

Anal  segment  with  only  a  dorsal  plate,  or  completely  ringed 

by  the  plate;  head  without  conspicuous  pouches _ _ _  6 

6.  Siphon  with  a  pair  of  ventral  tufts  near  the  base,  sometimes 

with  additional  tufts  distally _ Culiseta  Felt 

Siphon  without  a  pair  of  ventral  basal  tufts,  but  with  one 

to  several  tufts  or  hairs  distal  to  the  base - - - 7 

7.  Comb  scales  attached  to  the  posterior  edge  of  a  large 

chitinized  plate  that  rovers  more  than  one-half  the 

lateral  surface  of  the  8th  abdominal  segment _ Uranotaenia  L.  A. 
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Comb  scales  in  various  arrangements,  but  usually  not  attached 
to  a  chitinized  plate;  if  a  small  plate  occurs,  it  covers  much 


less  than  one-half  the  lateral  surface  of  the  segment _ 8 

8.  Siphon  with  several  pairs  of  hair  tufts  or  single  hairs _ _ Culex  Linn 

Siphon  with  only  a  single  pair  of  hair  tufts  or  hairs  near 
the  middle,  sometimes  quite  small;  if  tufts  are  absent, 
the  dorsal  plate  of  the  anal  segment  surrounds  the 
segment  and  is  penetrated  by  the  tufts  of  the  ventral 
brush  _ _ _ .1 _ _ _ 9 


9.  Dorsal  plate  of  anal  segment  completely  surrounding  the 
segment;  ventral  margin  of  plate  penetrated  by  tufts  of 
the  ventral  brush _ _ _ Psoropbora  R.  D. 

Dorsal  plate  of  anal  segment  either  dorsal  or  surrounding 
the  segment;  if  surrounding  the  segment,  not  penetrated 
by  tufts  of  the  ventral  brush _ _Ht _ Aedes  Meigen 

THE  GENUS  AEDES  MEIGEN 

There  are  more  species  of  Aedes  in  Texas  than  any  other  genus  of  mos¬ 
quitoes.  Twenty-eight  were  listed  in  1944  as  observed  or  probable  residents 
of  the  state  (Randolph  and  O’Neill  1944).  Since  that  time,  several  of  these 
species  have  been  declared  invalid,  while  some  names  have  been  changed.  At 
the  present  time,  twenty-five  recognizd  spcies  of  Aedes  are  known  from 
Texas;  or  because  of  their  presence  in  adjacent  states,  are  believed  to  accur 
here. 

In  addition  to  the  publications  cited,  recent  literature  dealing  with  the 
taxonomy  of  Aedes  mosquitoes  involving  species  found  in  Texas  includes 
Breland  (1949  and  MS.),  Gjullin  (1946)  and  Ross  (1943).  Revisions  within 
the  genus  are  as  follows.  Aedes  alleni  Turner  is  believed  by  Gjullin  (1946) 
to  be  the  same  species  as  A.  zoosoplms  D.  &  K.  Since  zoosophus  is  the  older 
name,  alleni  is  no  longer  valid.  A.  gonimus  D.  &  K.  is  considered  a  doubt¬ 
fully  valid  species  by  Matheson  (1944),  and  is  regarded  by  Gjullin  (1946) 
as  a  synonym  of  Aedes  sticticus  (Meigen).  A.  hirsuteron  (Theob.)  is  prob¬ 
ably  synonomous  with  A.  sticticus  (Matheson  1944). 


KEY  TO  THE  SPECIES  OF  TEXAS  MOSQUITO  LARVAE 
GENUS  AEDES 

1.  Anal  segment  (segment  IX)  completely  ringed  by  the  dorsal  plate— .2 

Anal  segment  not  ringed  by  dorsal  plate _ _ _ 14 

2.  Pecten  with  at  least  1  distal  tooth  more  widely  spaced _ 3 

Pecten  with  all  teeth  more  or  less  evenly  spaced _ _ 5 

3.  Siphonal  hair  tuft  inserted  beyond  pecten _ nigromacuhis  Ludlow 

Siphonal  hair  tuft  inserted  within  pecten _ L . .  4 

4.  Individual  comb  scale  fringed  apically  with  subequal  spinules; 

lower  head  hair  double  or  triple _ _ fulvus  pallens  Ross 

Individual  comb  scale  thorn-like,  with  apical  spine  longer  than 

lateral  spinules;  lower  head  hair  usually  single—. . . thelcter  Dyer 


5.  Comb  scale  arranged  in  a  single,  sometimes  irregular,  row _ 6 

Comb  scales  arranged  in  a  triangular  patch _ _ _ 8 
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6.  Siphonal  hair  tuft  inserted  within  pecten.__ _ _ tormentor  D.  &  K. 

Siphonal  hair  tuft  inserted  beyond  pecten _ 7 

7.  Lower  head  hair  double  or  triple  antennal  hair  double;  gills 

conspicuously  tracheate  and  at  least  5  times  as  long  as  the 

anal  segment _ _ _ _ _ _ _ dupreei  (Coq.) 

Lower  head  hair  single;  antennal  hair  multiple;  gills  not 
conspicuously  tracheate  and  not  more  than  3  times  as 
long  as  anal  segment _ _ _ atlanticus  D.  &  K. 

8.  Individual  comb  scale  fringed  apically  with  sub-equal  spinules 

rounded  distally _ _ _ 9 

Individual  comb  scale  thorn-like  with  apical  spine  longer  than 

lateral  spinules _ _ _ _ _  ...  1 0 

9.  Siphonal  hair  tuft  inserted  within  pecten;  lower  head  hair 

double _ _ _ bimactdatus  Coq. 

Siphonal  hair  tuft  inserted  beyond  pecten  lower  head  hair 

single _ _ _ _ _ __ _ taeniorhynchus  (Wied.) 

10.  Dorsal  preapical  spine  of  siphon  as  long  as  the  most  distal  pecten 

tooth;  uper  lateral  abdominal  hair  on  segments  III  to  V  double _ 11 

Dorsal  preapical  spine  of  siphon  shorter  than  the  most  distal  pecten 
tooth  uper  lateral  abdominal  hair  single  on  segments  III  to  V _ 12 

11.  Pecten  teeth  extending  less  than  l/z  the  length  of  siphon;  head 

hairs  strongly  barbed;  siphon  3  times  as  long  as  wide 

_ _ _ _ _ mitchellae  (Dyar) 

Pecten  teeth  extending  to  middle  of  siphon  or  beyond;  head  hairs 
smooth  or  weakly  barbed  siphon  less  than  3  ;  times  as  long 
as  wide _ _ _ _ _ sollicitans  (Walker) 

12.  Individual  comb  scale  fringed  apically  with  sub-equal  spinules, 

rounded  distally _ _ _ scapular  is  Rondani 

Individual  comb  scale  thorn-shaped  with  apical  spine  longer 

than  lateral  spinules _ _ _ _ _ 13 

13.  Hair  B  of  8th  abdominal  segment  usually  single;  apical  spine 

of  individual  comb  scale  less  than  two  times  as  long  and  only 

twice  as  broad  as  subapical  spinules _ trivittatus  (Coq.) 

Hair  B  of  8th  abdominal  segment  usually  double;  apical  spine 
of  individual  comb  scale  twice  the  length  and  three  or  four 
times  as  broad  as  subapical  spinules _ infirmatus  D.  &  K. 

14.  Siphonal  hair  tuft  inserted  within  the  pecten._. . . atropalus  (Coq.) 

Siphonal  hair  tuft  inserted  beyond  the  pecten _ 15 

15.  Pecten  with  at  least  1  distal  tooth  more  widely  spaced - 16 

Pecten  with  all  teeth  more  or  less  evenly  spaced _ 18 

1  6.  Lower  head  hair  double  or  multiple;  individual  comb  scale 

thorn-like  _ _ _ _ 17 

Lower  head  hair  usually  single,  sometimes  double;  individual 
comb  scale  with  lateral  spinules  almost  equal  in  length  to 

the  apical  spine _ _ _ _ _ campestris  D.  &  K. 

17.  Points  of  attachment  of  preantennal,  lower  head  hair  and  upper 
head  hair  in  a  straight  line;  upper  lateral  abdominal  hair  single 

on  segments  III  to  V _ *—  _ _ cinereus  Meigen* 

Points  of  attachment  of  preantennal,  lower  head  hair  and  upper 
head  hair  not  in  a  straight  line;  upper  lateral  abdominal  hair 
double  or  triple  on  segments  III  to  V _ _ _ _ _ vexans  Meigen 


*  Reported  from  Arkansas,  but  not  from  Texas  at  this  writing-. 
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18.  Comb  scales  arranged  in  a  single,  sometimes  irregular  row; 

usually  less  than  15  scales _ _ 19 

Comb  scales  arranged  in  a  triangular  patch;  usually  numerous, 

more  than  15  scales _ _ _ _ _ 21 

19.  Preantennal  and  lower  head  hair  single;  individual  comb  scale 

with  a  large  apical  spine  and  several  rather  large  lateral 

spines _ _ ___T___ _ .... aegypti  ( Linn. ) 

Preantennal  hair  multiple;  lower  head  hair  2  to  4 -branched; 
individual  comb  scale  fringed  laterally  and  apically  with 
fine  spinules _ _ _ _ _ 20 

20.  Dorsal  plate  of  anal  segment  with  a  definite  depression  or  hole 

near  the  ventral  margin;  ventral  margin  of  plate  often 

reaching  to  middle  of  segment  or  below _ _ _ zooso phus  D.  &  K. 

Dorsal  plate  of  anal  segment  without  a  definite  depression  or 
hole  near  ventral  margin;  ventral  margin  of  plate  frequently 
not  attaining  middle  of  segment _ , _ trheriatm  (Say) 

21.  Upper  head  hair  single,  rarely  double _ _ dorsalis  (Meigen) 

Upper  head  hair  with  3  or  more  branches  _L _ 22 

22.  Both  upper  and  lower  head  hairs  with  4  or  more  branches 

noticeably  barbed  under  high  power _ _ _ _ _ 23 

Upper  head  hair  3 -branched;  lower  head  hair  usually  double, 
rarely  with  1  to  3  branches;  head  hairs  usually  not  barbed 
or  if  so  only  sparcely _ _ _ 24 

23.  Points  of  attachment  of  upper  head  hair,  lower  head  hair' and 

preantennal  hair  in  an  approximate  straight  line;  upper  lateral 
abdominal  hair  on  segments  I  and  III  with  3  to  4  branches 

_ _ _ _ _ thihaulti  D.  &  K. 

Points  of  attachment  of  head  hairs  and  preantennal  hair  not  in  a 
straight  line;  upper  lateral  abdominal  hairs  on  segments  I  and 
II  usually  double _ _ _ canadensis  (Theob.) 

24.  Individual  comb  scale  fringed  apically  with  spinules  of  subequal 

length _ 2 _ _ _ grossbecki  D.  &  K. 

Individual  comb  scale  with  a  long  apical  spine  an  short  lateral 
spinules _ _■ _ _ _ _ sticticus  Meigen 
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< - -  ABBREVIATIONS 

A  Antenna 

AN  Anal  or  ninth  abdominal  segment 
AT  Antennal  hair 

CS  Comb  scales.  The  comb  scales  as  a  group  are  often  called  the  comb.  In  this 
diagram,  the  comb  scales  are  arranged  in  a  triangular  patch 
DB  Dorsal  brush 

DP  Dorsal  plat  of  anal  segment.  In  this  diagram,  the  anal  segment  is  not  ringed 
by  the  dorsal  plate 

E  Eyes.  The  small  posterior  eyes  are  the  larval  eyes;  the  larger  anterior  ones  are 
the  developing  eyes  of  the  adult 
G  Gills.  Four  are  usually  present,  but  only  two  are  shown 
LL  Lower  lateral  abdominal  hairs 
MB  Mouth  brushes 

P  Pecten  teeth.  The  teeth  as  a  group  are  often  called  the  pecten.  In  this  diagram 
all  pecten  teeth  are  more  or  less  evenly  spaced 
S  Siphon  or  air  tube 

SH  Siphonal  hair  tuft  or  subventral  tuft.  Here  the  tuft  is  inserted  beyond  the  pecten 
UL  Upper  lateral  abdominal  hair 
VB  Ventral  brush 

Roman  numerals  I  through  VII:  Abdominal  segments;  segments  III  through 
VII  have  been  omitted. 


FIGURE  2 

Dorsal  view7  of  head  of  an  Aedes  mosquito  larva,  showing  larval  hairs  used  in 
identification. 


ABBREVIATIONS 


LHH 

Lower  head  hair 

PTC 

Postclypeal  hair 

AT 

Antennal  hair 

S 

Sutural  hair 

MB 

Mouth  brushes 

SO 

Supraorbital  hair 

PA 

Preaantennal  hair 

TS 

Transutural  hair 

PC 

Preclypeal  spine 

UH 

Upper  head  hair 
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FIGURE  3 

Lateral  view  of  terminal  abdominal  segments  of  an  Aedes  mosquito  larva,  show¬ 
ing  larval  hairs  and  other  structures  used  in  identification. 


ABBREVIATIONS 

A  Hair  A 

AN  Anal  segment  or  segment  IX 

B  Hair  B 

C  _ Hair  C  or  subsiphonal  hair _  _ 

CS  Comb  scales.  Here  they  are  arranged  in  a  single,  irregular  row 

D  Hair  D  222 

DP  Dorsal  plate  of  anal  segment.  In  this  diagram,  the  plate  completely  rings  the 
anal  segment 

DPS  Dorsal  preapical  spine  of  siphon 
E  Hair  E  or  anal  hair 

LC  Lower  caudal  hair  of  dorsal  brush 

LH  Lateral  hair  of  the  anal  segment 

P  Pecten  teeth.  In  this  diagram,  two  of  the  teeth  are  more  widely  spaced 
S  Siphon  or  air  tube 

SH  Siphonal  hair  tuft  or  subventral  tuft.  Here  it  is  inserted  within  the  pecten 
UC  Upper  caudal  hair  of  dorsal  brush 
VB  Ventral  brush 
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GROWTH  INHIBITION  OF  PROTOZOA  WITH  BACITRACIN* 

JOHN  B.  LOEFER 

Southwest  Foundation  for  Research  and  Education 
San  Antonio,  Texas 

Bacitracin  was  first  obtained  from  Bacillus  suhtilis  by  Johnson,  Anker 
and  Meleny  (1945).  The  antibiotic  appears  to  be  a  polypeptide  (Barry, 
Gregory  and  Craig,  1948;  Craig,  Gregory  and  Barry,  1949)  which  is  gen¬ 
erally  quite  effective  against  Gram-positive  bacteria.  It  was  also  reported 
to  be  highly  active  against  Treponema  pallidum  in  vitro  and  in  vivo  by 
Eagle,  Musselman  and  Fleischman  (1948).  Newton  and  Miller  (1950)  re¬ 
ported  that  Bacillus  licheniformh  produced  similar  polypeptides  which  they 
designated  as  bacitracins  A.  B  and  C,  The  antibiotic  exhibits  synergistic 
action  with  penicillin,  according  to  Eagle  and  Fleischman  (1948)  and  Bach¬ 
man  (1949),  and  a  report  by  Welch,  Randall  and  Price  (1950)  indicates 
that  it  may  actually  combine  with  aureomycin  to  form  a  new  compound. 
It  has  been  used  with  some  success  in  treatment  of  amebiasis  in  man  (Most, 
1949;  Most,  Miller  and  Grossman,  1950;  Most,  Miller,  Grossman  and  Conan, 
1950;  Graupner,  Smith  and  Priest,  1950)  and  monkeys  (Anderson  and  An¬ 
derson,  1950).  It  was  also  stated  to  be  effective  against  balantidiasis  (Castel¬ 
lanos,  del  Prado,  Garcia  and  Montero,  1950).  There  appear  to  be  no  pub¬ 
lished  reports  concerning  the  action  of  bacitracin  on  free-living  protozoa. 
For  this  reason  and  because  the  phenomenon  of  antibiosis  among  protozoa 
has  not  been  extensively  studied  it  seemed  worthwhile  to  determine  the  com¬ 
parative  inhibitory  effect  of  bacitracin  on  several  species. 

METHODS 

The  same  green  and  colorless  strains  of  Euglena  gracilis  var.  bacillarh 
and  T etrahymena  geleii* 1  H  previously  employed  (Loefer  and  Guido,  1950; 
Loefer,  1951)  were  used  in  this  study,  and  the  methods  of  preparing  media, 
inoculation  and  counting  were  similar.  The  medium  consisted  of  1  /4  %  Bacto 
Casitone  and  0.2  5%  Bacto  Yeast  Extract,  prepared  at  pH  7.0.  Bacitracin 
dilutions  were  made  aseptic  ally  so  as  to  obtain  for  each  experimental  series 
triplicate  sets  of  culture  tubes  containing  media  having  antibiotic  concen¬ 
trations  as  indicated  in  Table  1.  After  inoculation  the  ciliate  cultures  were 
incubated  in  a  water  bath  at  27.5°C.  the  flagellates  in  a  room  where  the 
temperature  remained  within  the  range  of  24-27°C. 

Each  series  was  inoculated  from  a  young  culture  in  the  log  phase  of 
growth,  and  initial  counts  were  between  500  and  1,500  organisms  per  ml. 

EXPERIMENTAL  RESULTS 

Series  1.  and  2.  T.  geleii .  Triplicate  cultures  were  established  with  con¬ 
centrations  of  bacitracin  as  Indicated  in  Table  1.  After  inoculation  and  incu¬ 
bation  for  48  hours,  samples  from  both  series  were  withdrawn  for  counting. 

*  Aided  by  a  grant  from  the  Damon  Runyon  Foundation  (DRIR-121). 

1  Dr.  John  O.  Corliss  (personal  communication)  indicated  that  pyriformis  is  the  correct 
type  species. 
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TABLE  1 


Growth  Inhibition  of  Protozoa  with  Bacitracin.  Figures  indicate  thousands  of  organ¬ 
isms  per  milliliter.  Figures  in  parenthesis  indicate  hours  of  incubation.  See  text  for 
other  data. 


Bacitracin  - 
Units  per  ml. 

T etrahymena 
Ser.  1  Ser.  2 

(48)  (48) 

Ser.  2 
((72) 

Ser.  3 
(66) 

Euglena 
Ser.  4 
(144) 

Ser.  5 
(144) 

0  (control) 

138 

216 

229 

11.4 

72.5 

54.0 

10 

128 

50 

114 

7.9 

100 

105 

14.5 

162 

5.2 

25.0 

17.0 

150 

4.3 

200 

76.2 

106 

129 

3.6 

17.6 

10.3 

250 

2.7 

300 

82.5 

93.0 

2.6 

10.3 

7.20 

350 

2.0 

400 

46.1 

64.3 

87.1 

1.8 

7.75 

5.51 

500 

50.1 

83.7 

2.30 

3.11 

600 

42.6 

70.2 

2.01 

1.46 

700 

26.5 

53.1 

1.42 

1.60 

800 

19.3 

40.4 

1.63 

1.72 

A  second  determination 

on  Series  2 

was  made 

after 

72  hours. 

From  the 

counts  obtained,  percent  growth  for  each  concentration  relative  to  that  in 
the  control  cultures,  which  contained  no  bacitracin,  was  calculated.  These 
values  are  plotted  graphically  in  Figure  1.  They  indicate  that  there  was 
approximately  80%  inhibition  at  the  800-unit  level.  50%  inhibition  was 
evident  at  about  the  2  50-unit  level. 

Series  3,  4  and  5.  E.  gracilis  var.  bacillar  is.  The  green  strain  was  used 
in  Series  3  and  4,  and  the  colorless  one  for  Series  5.  Media  for  the  last  two 
series  were  prepared  at  the  same  time  and  incubation  was  carried  out  under 
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identical  conditions.  Initial  counts  were  520,  1,160  and  963  flagellates  per 
ml.  for  the  three  series,  respectively.  Series  3  was  incubated  66  hours;  series 
4  and  5  for  6  days.  As  Table  1  and  Figure  1  indicate,  there  was  no  noticeable 
difference  in  growth  of  the  two  strains.  It  was  evident  that  at  all  concentra¬ 
tions  multiplication  of  Euglena  was  inhibited  to  a  greater  extent  by  com¬ 
parable  concentrations  of  bacitracin  than  was  T etrahymena,  although  the 
flagellates  were  not  destroyed  even  after  6  days  in  the  medium  to  which  800 
units  per  ml.  had  been  added.  The  50%  inhibition  level  appears  to  be  around 
100  units  per  ml.  for  this  euglenoid  flagellate. 

DISCUSSION 

While  there  has  been  no  report  indicating  the  presence  of  a  bacitracinase 
in  biological  fluids,  or  production  of  such  an  enzyme  by  micro-organisms, 
the  reports  of  certain  workers  (Anker,  Johnson,  Goldberg  and  Meleny,  1948; 
Bond,  Himelick  and  Macdonald,  1949)  indicate  that  within  a  week  up  to 
50%  potency  is  lost  in  neutral  aqueous  solutions  at  room  temperature.  This 
may  serve  to  explain  failure  to  obtain  100%  growth  inhibition  at  the  highest 
concentrations  used  in  these  experiments.  It  would  appear  that  concentrations 
of  the  order  used  were  inhibitory  but  not  lethal,  and  perhaps  growth  was 
resumed  after  a  reduction  in  potency  of  the  antibiotic  had  taken  place,  or 
perhaps  resistant  forms  developed  during  the  period  of  incubation.  Loss  of 
activity  could  also  account  for  the  fact  that  after  72  hours  incubation  Tetra- 
hymena  in  the  higher  bacitracin  concentrations  seemed  to  be  growing  rela¬ 
tively  better  than  at  48  hours. 

No  attempts  were  made  to  develop  resistance  by  repeated  passages  in 
high-level  bacitracin  media.  Induced  resistance  of  certain  bacteria  has  been 
increased  100-fold  (Stone,  1949)  and  even  3,750-fold  (Gezon,  Fasan  and 
Collins,  195  0)  by  this  method. 

Euglena  is  more  sensitive  than  T etrahymena  to  this  antibiotic  at  all 
levels  tested.  With  penicillin  and  choromycetin  (Loefer,  1949,  and  1951) 
the  reverse  appears  to  be  true. 

SUMMARY 

Growth  of  T 'etrahymena  geleii  H  and  of  a  colorless  and  green  strain  of 
Euglena  gracilis  var.  bacillaris  was  compared  when  these  protozoa  were  grown 
with  various  concentrations  of  bacitracin  in  a  Bacto  Casitone  -  Yeast  Extract 
medium.  Fifty  percent  inhibition  for  Euglena  and  T etrahymena  occurred  at 
about  the  100-  and  2  50-unit  levels,  respectively.  In  the  media  to  which 
600-800  units  per  ml.  had  been  added,  growth  of  the  flagellates  was  95-98% 
inhibited,  whereas  moderate  growth  of  the  ciliate  still  occurred  at  these  levels. 
No  difference  in  degree  of  inhibition  by  comparable  concentrations  of  baci¬ 
tracin  was  noted  between  the  green  and  colorless  strains  of  Euglena. 
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Kinesiology,  by  Moorehouse  and  Cooper,  C.  V.  Mosby  Co.,  1950. 

This  textbook  on  the  effective  use  of  human  muscles  contains  many 
unexpected  facts  and  applications.  Although  it  ultimately  gets  around  to 
describing  the  principal  athletic  sports  and  discusses  the  muscular  actions 
involved  in  them,  the  earlier  portions  of  this  book  are  of  considerable  basic 
anatomic  interest. 

First,  a  description  of  the  various  muscles  and  their  structure  and 
function  is  given.  This  is  followed  by  an  engineering  analysis  of  the  vari¬ 
ous  physical  principles  involved  in  muscle  function.  Well  illustrated,  it  con¬ 
tains  many  incidental  tables  not  often  found.  Perhaps  one  of  its  most  valu¬ 
able  features  is  that  of  ending  each  chapter  with  a  bibliography,  which  makes 
available  to  the  reader  a  vast  background  of  additional  data. — Charles  e. 
BALLEISEN,  SOUTHWEST  RESEARCH  INSTITUTE, 
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THE  BLUE  CRAB  INVESTIGATION,  1949-50 

F.  M.  DAUGHERTY,  JR.* **  * 

Marine  Laboratory 
Texas  Game  &  Fish  Commission 

INTRODUCTION 

Basically,  the  blue  crab  investigation  for  1949-50  was  conducted  in  a 
manner  similar  to  that  employed  in  1947-48  and  1948-49  (Daugherty, 
1948,  1949).  Objectives  were  essentially  the  same,  however,  methods  of 
collection  were  different.  Crab  pots  and  the  fish  traps"*  in  Cedar  Bayou  were 
used  extensively  in  sampling.  Several  new  stations  were  established  and  the 
original  stations  were  checked  only  when  it  was  deemed  advisable.  Devia¬ 
tion  from  the  exclusive  use  of  permanent  stations  and  accentuation  on  new 
and  varied  areas  gave  gratifying  results. 

A  broad  program  was  originally  planned  for  1949-50,  but  as  the  year 
progressed  work  was  automatically  channeled  along  the  lines  of  spawning, 
hatching,  and  migration.  Emphasis  was  placed  on  the  collection  of  crabs 
infested  with  the  Rhizocephalid,  Loxothylacus  texanus  Boschma.  The  Marine 
Laboratory  was  fortunate  in  having  Dr.  Edward  G.  Reinhard  of  Catholic 
University,  Washington,  D.  C.,  work  on  this  phase  of  the  crab  problem  dur¬ 
ing  the  summer  of  1950. 

Fishing  experiments  using  crab  pots  and  trotlines  had  been  planned, 
however,  this  work  did  not  develop  in  light  of  increasing  demands  of  the 
spawning,  hatching,  and  migration  portions  of  the  investigation.  It  was  pos¬ 
sible,  even  so,  to  formulate  hypothetical  catch  expectancies  based  on  routine 
crab  pot  sampling. 

GENERAL  DATA 

A  total  of  8,492  crabs,  Callinectes  sapidus  Rathbun,  were  examined 
during  the  fiscal  year  September  1,  1949  to  August  31,  1950;  of  which 
3,567  were  measured  and  4,925  were  observed  otherwise  (Table  I). 

Comparison  of  the  blue  crab  population  of  the  investigational  area  for 
1949-50  varied  from  the  trends  of  the  1947-48  and  1948-49  occurrence 
in  that  May,  June,  and  July  were  peak  months,  whereas  the  peak  fell  in 
April  for  the  two  previous  years  (Graph  I).  This  can  be  explained  in  light 
of  deviation  from  regular  station  testing  and  will  be  dealt  with  later. 

SPAWNING  AND  HATCHING 

Spawning,  and  hatching  habits  of  the  blue  crab  on  the  Texas  coast 
have  been  a  major  problem  of  this  investigation.  In  the  early  stages  of  the 
program  it  was  realized  that  local  spawning,  and  hatching  differed  from 
the  east  coast  pattern  from  a  geographical  and  seasonal  standpoint.  Exami¬ 
nation  of  swimmerets  (Churchill,  1921;  Hard,  1942)  for  egg  remnants 
was  utilized  in  determining  whether  or  not  a  crab  had  spawned.  This  method 
was  used  rather  than  the  more  envolved  ovary  examination  described  by 
Hard  (1942). 

*The  Texas  Game  and  Fish  Commission  operated  a  large  fish  trap  in  Cedar  Bayou,  be¬ 
tween  Matagorda  and  St.  Joseph’s  Islands  for  18  months,  under  the  direction  of  Ernest  G. 
Simmons,  Fishery  Biologist. 

**Present  address;  Suitland,  Maryland,  Division  of  Oceanography,  U.  S,  Navy  Hydrographic 
Office. 
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Churchill  (1921)  stated  that  it  was  only  necessary  to  clip  a  small 
portion  of  the  tips  of  the  pleopodal  hairs.  Examination  of  2,224  mature 
female  crabs,  by  the  writer,  revealed  that  it  was  best  to  remove* an  entire 
pleopod  or  at  least  an  entire  inner  ramus.  This  was  a  more  accurate  proced¬ 
ure,  for  in  many  cases  egg  remains  were  found  only  on  the  basal  portion  of 
the  hairs.  In  all  cases  the  left  anterior  swimmeret  was  removed.  Sufficient 
crabs  with  well  healed  pleopodal  stumps  were  recovered  to  indicate  that 
there  was  very  little  mortality  due  to  removal  of  the  entire  pleopod. 

This  portion  of  the  investigation  was  started  in  January,  1950  and  will 
be  continued,  at  least,  through  January,  1951.  The  fish  trap  in  Cedar  Bayou 
was  placed  in  operation  on  March  16,  1950.  It  soon  became  evident  that 
this  trap  would  furnish  valuable  information  on  spawning,  hatching,  and 
movement  of  crabs.  In  five  and  one-half  months  4,92  5  crabs  or  1.6  crabs 
per  trap  hour  were  caught.  Data  from  the  trap,  compared  with  that  from 
crab  pots  set  in  Cedar  Bayou,  sampling  by  various  methods  in  the  bays, 
and  by  seine  from  the  gulf  surf,  form  a  portion  of  the  spawning  and 
hatching  picture. 

Formation  of  the  egg  mass  occurs  to  a  minor  extent  in  the  bays  and 
for  the  greater  part  in  the  gulf  proper.  In  1949-50  only  six  or  4.8%  mature 
female  crabs  out  of  126  examined  from  the  bays  carried  egg  masses,  and 
only  three  showed  evidence  of  having  spawned.  During  the  same  period 
1,491  mature  females  were  examined  from  the  sampling  of  the  out-going 
fish  trap  and  crab  pots  set  north  of  the  fish  trap,  of  which  240  or  16.1% 
carried  egg  masses  and  233  or  15.6%  had  spawned.  Thus,  it  may  be  seen 
that  the  majority  of  the  mature  female  crabs  moving  through  Cedar  Bayou 
have  not  spawned,  but  will  do  so  in  the  gulf. 


TABLE  1 


General  Sampling  Data,  September  1,  1949  to  August  31,  1950. 


Immature 

Measured 

crabs 

Other 

crabs 

examined 

Total 

crabs 

examined 

% 

Total 

catch 

6  d 

1,715 

1,472 

3,187 

37.5 

9  9 

1,852 

3,453 

5,305 

62.5 

9  9 

Mature 

684 

464 

1,148 

13.5 

9  9 

Mature  9  9 

1,000 

2,952 

3,952 

46.5 

No  egg  mass 
Orange 

857 

2,577 

3,434 

40.4 

egg  mass 
Black 

83 

180 

263 

3.1 

egg  mass 
Total  with 

60 

195 

255 

3.0 

egg  mass 

9  9 

143 

375 

518 

6.1 

Infested 

d  d 

375 

37 

205 

2.4 

Infested 

Total 

77 

8 

85 

1.0 

Infested 

Total 

245 

45 

290 

3.4 

U  and  9  9 

3,567 

4,925 

8,492 

100.0 
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Hatching  takes  place  in  the  gulf,  with  occasional  cases  occurring  in 
the  bays.  Only  three  out  of  120  mature  females-  taken  in  the  bays  had 
spawned  (Table  II).  The  north  trap  in  Cedar  Bayou,  taking  out-going  move- 


TABLE  II 


Spawning  records  for  1949-50,  by  Area. 


Number 

Number 

Number 

% 

Location 

Clean  $  9 
Examined 

with  egg 
mass 

Spawned 

Spawned 

Bays 

Crab  pots 

120 

6  ' 

3 

2.4 

S.  fish  tp. 

Crab  pots 

185 

20 

49 

23.9 

N.  fish  tp. 
South 

79 

6 

13 

15.3 

fish  trap 

North 

.640 

12 

571 

87.6 

fish  trap 

1,172 

234 

220 

18.8 

Gulf 

28 

3 

0 

0.0 
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ments,  produced  only  18.8%  spawned  crabs;  whereas,  the  south  trap,  tak¬ 
ing  incoming  movements,  produced  87.6%  spawned  crabs.  Crab  pots  on 
each  side  of  the  fish  trap  and  covering  the  entire  bayou  caught  only  small 
percentages  of  spawned  crabs,  while  taking  large  numbers  of  a  static  male 
population. 

Crabs  collected  in  the  gulf  near  the  mouth  of  Cedar  Bayou  from  Janu¬ 
ary  to  May,  19  50  had  not  spawned.  Later,  seine  hauls  in  the  same  area  pro¬ 
duced  very  few  crabs,  while  catches  in  the  bayou  increased. 

In  general,  mature  females  move  out  of  the  bays  through  passes  to  the 
gulf  with  considerable  urgency,  as  evidenced  by  large  numbers  of  unspawned 
and  ovigerous  crabs  caught  by  the  out-going  fish  traps;  whereas,  crab  pots 
on  each  side  of  the  trap  produced  a  predominance  of  males.  Concurrently, 
the  incoming  trap  catch  was,  for  the  greater  part,  spawned  crabs  (87.6%). 
Lack  of  large  numbers  of  mature  females  in  the  gulf  adjacent  to  Cedar 
Bayou  would  indicate  off-shore  movement. 

Analysis  of  the  stomachs  of  3  5  large  sharks,  caught  from  six  to  ten 
miles  off-shore  in  August,  1949,  revealed  30  crabs  with  egg  masses.  There 
was  but  little  evidence  of  digestion,  indicating  that  these  crabs  were  eaten 
near  the  shark  line  set.  More  recently,  March  17,  1950  a  crab  with  a  black 
egg  mass  was  taken  in  a  shrimp  trawl  four  and  one-half  miles  off-shore  and 
on  March  23,  1950  approximately  200  gravid  females,  half  of  which  car¬ 
ried  black  egg  masses,  were  taken  two  miles  off-shore  in  40  feet  of  water 
(Daugherty,  195  0). 

SPAWNING  SEASON 

Truitt  (1939)  states  that  in  Chesapeake  Bay  egg  production  takes 
place  from  April  to  October,  with  a  few  records  from  other  months.  It  was 
found  in  the  course  of  the  present  investigation  that  in  the  fiscal  years 
1947-48  and  1948-49  spawning  occurred  from  March  to  September,  with 
peak  egg  production  in  March  and  April.  In  1948-49  there  was  a  second 
peak  in  June  which  is  in  accord  with  later  data  (1949-1950)  when  the 
major  spawning  peak  occurred  in  June  and  early  July  (Graph  II).  There 
was  a  slight  peak  in  March,  195  0,  which  was  negligible  in  comparison  to 
the  June,  July,  and  August  egg  production. 

In  view  of  the  sizeable  movement  of  crabs  through  Cedar  Bayou  in 
June  and  early  July  (Graph  III),  which  corresponds  to  the  high  egg  pro¬ 
duction  season  (Graph  II),  it  is  apparent  that  the  height  of  spawning  comes 
in  June  and  July  and  not  in  March  or  April  as  indicated  in  the  two  previous 
years  (Daugherty,  1948,  1949). 

Use  of  the  fish  trap  as  a  means  of  sampling,  and  an  intensification  of 
work  in  Cedar  Bayou  for  1949-50  account  for  the  fact  that  the  June-July 
movement  and  spawning  peaks  were  not  noted  in  prior  years.  Heretofore, 
only  routine  collections  were  made  from  regular  stations  in  Cedar  Bayou. 

In  1949-50  evidence  of  spawning  was  recorded  during  10  months  of 
the  year,  December  to  September."'  The  December  spawning  was  not  deter¬ 
mined  by  the  presence  of  crabs  bearing  egg  masss,  but  was  based  on  megalops 
found  in  Cedar  Bayou  on  January  12,  19  50  (Daugherty,  1950).  These 
larvae  molted  on  January  13,  and  some  of  the  post  larval  crabs  were  raised 
through  eight  molts.  This  would  indicate  that  there  was  a  spawning  ap¬ 
proximately  one  month  prior  to  January  13,  19  5  0,  probably  in  the  second 
week  of  December,  1949.  This  would  be  significant  in  substantiating  offshore 


*In  October,  1950,  egg  bearing  females  were  caught  in  the  out-going  fish  trap,  Cedar  Bayou. 
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Graph  Z.  Papulation  of  gravid  crabs  by  months.  Expressed  as 
per  cent  of  total  years  sample  from  all  stations, 
September  I,  1949— August  31, 1950, 
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Graph  3.  Crab  catch  In  the  Cedar  Bayou 
fi*h  trope,  based  on  catch 
per  kaur. 
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spawning,  for  no  crabs  were  taken  from  the  regular  bay  stations  during 
December,  1949.  Spawning  for  other  months,  January  to  September,  was 
based  on  the  occurrence  of  egg  bearing  crabs. 

The  unusually  long  spawning  season,  1949-50,  can  be  attributed  to  a 
very  mild  winter  without  a  freeze.  There  is  a  definite  possibility  of  year- 
around  spawning,  probably  some  distance  offshore  during  those  months  for 
which  there  are  no  records.  Dr.  Sewell  H.  Hopkins  suggested  that  there 
was  a  possibility  that  egg  masses  formed  in  the  early  fall  could  be  carried 
over  to  the  following  spring  before  hatching.  This  might  be  the  case  in 
years  in  which  freezes  occur  and  the  water  remains  cold  for  long  periods; 
however,  in  the  event  of  a  year  such  as  1949-50  spawning  could  continue 
throughout  the  year  with  no  temperature  barrier  as  a  hindrance. 

Shrimp  fishermen  report  catches  of  egg-bearing  crabs  in  offshore  waters 
during  the  months  of  October  and  November;  however,  this  must  be  con¬ 
firmed. 

MOVEMENT 

In  1945  and  1946  an  attempt  to  establish  a  large  scale  crab  fishery  in 
the  Aransas  Bay  area  failed,  in  part,  because  the  supply  of  crabs  in  the 
bays  during  the  mid-summer  months  was  not  sufficient  to  maintain  neces¬ 
sary  production.  This  made  migration  and  movements  habits  prime  objec¬ 
tives  of  the  investigation. 

Data  collected  in  1947-48  and  1948-49  indicated  that  there  were  very 
few  crabs  in  the  bays  from  September  to  February,  inclusive  (Graph  I). 
This  accentuates  the  need  for  movement  knowledge.  All  information  gath¬ 
ered  from  the  regular  stations  in  1947-48  and  1948-49  was  plotted  in  an 
attempt  to  establish  movement  patterns,  but  no  correlations  were  possible. 

Operation  of  the  Cedar  Bayou  fish  trap  gave  the  first  concrete  move¬ 
ment  data  of  the  investigation  (Graph  III).  Though  the  trap  has  only  been 
functioning  since  March,  1950,  it  has  given  a  basis  for  outlining  the  gen¬ 
eral  movement  plan  and  will  probably  furnish  comprehensive  data  for  the 
balance  of  the  year. 

A  study  was  made  of  the  fish  trap  by  months,  based  on  the  production 
of  both  incoming  and  outgoing  sides  relative  to  the  catch  per  trap  per  hour 
(Graph  III).  It  was  found  that  from  March  through  May  there  was  a  steady 
gulfward  movement  of  1.1  to  1.4  crabs  per  trap  hour,  while  the  bayward 
movement  for  the  same  period  was  0.2  to  0.7  crabs  per  trap  hour.  In  June 
the  outward  movement  increased  to  4.0  crabs  per  trap  hour  and  the  inward 
run  to  1.4  crabs  per  trap  hour.  The  peak  of  the  migration  came  in  June, 
corresponding  to  the  spawning  peak.  In  July  the  outward  movement  had 
slowed  down  somewhat,  but  was  still  high  with  3.0  crabs  per  trap  hour; 
while  the  inward  movement  had  decreased  to  0.6  crabs  per  trap  hour.  The 
large  gulfward  migration  in  June  and  July  accounts  for  the  failure  of 
fishermen  to  find  crabs  in  the  bays  in  sufficient  numbers  to  maintain  a 
large  fishery  during  those  months  in  1945  and  1946.  In  August  there  was 
a  leveling  off  of  movement  with  1.3  crabs  per  trap  hour  outward  bound 
and  1.2  crabs  per  trap  hour  coming  in.  Further  material  on  the  trap  catch 
is  anxiously  awaited,  for  it  should  aid  in  formulating  the  complete  move¬ 
ment  picture. 

The  urgency  of  the  movement  through  the  bayou  was  corroborated  by 
trapping  with  crab  pots  on  each  side  of  the  fish  trap.  Females  comprised 
70%  of  the  fish  trap  catch  and  only  37%  of  the  crab  pot  catch.  The  major 
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portion  of  the  crab  pot  catch,  large  males,  was  from  a  static  population. 
Thus  it  is  indicative  that  even  though  there  were  many  more  females  than 
males  in  or  passing  through  Cedar  Bayou,  their  spawning  urge  was  great 
enough  that  food  in  the  crab  pots  was  ignored  by  the  majority  in  the  course 
of  their  gulfward  migration. 

The  population  trend  for  1949-50  varied  from  that  of  the  two  pre¬ 
vious  years  in  that  occurrence  peaks  fell  in  May,  June,  and  July  rather 
than  in  April  (Graph  I).  This  can  be  accounted  for  by  the  intensification 
of  work  in  Cedar  Bayou  in  which  the  spawning  migration  was  sampled. 
Therefore,  it  can  be  considered  that  the  data  for  1947-48  and  1948-49  are 
concerned  for  the  most  part  with  occurrence  in  bay  waters  and  that  the 
peak  populations  for  April  of  these  years  apply  only  to  the  bays. 

SHEDDING  GROUNDS 

No  work  has  been  specifically  directed  toward  the  shedding  habits  of 
the  blue  crab  except  for  information  collected  in  routine  station  operation. 
In  general  it  has  been  noted  that  crabs  preparing  to  molt  and  soft  crabs 
prefer  areas  in  which  profuse  vegetation  is  found. 

INFESTATION  BY  THE  RHIZOCEPHALID, 

Loxotbylacus  t exanus  Boschma 

Infestation  of  the  blue  crab  by  Loxotbylacus  texanus  has  become  of 
increasing  importance  to  the  investigation.  In  view  of  the  deviation,  in 
1949-50,  from  the  permanent  station  routine  it  has  become  evident  that 
an  incidence  based  on  per  cent  of  the  years  collection  would  not  be  com¬ 
parable  to  those  of  the  two  previous  years.  Concentration  of  work  in  Cedar 
Bayou,  a  low  infestation  area,  was  responsible  for  a  decrease  in  incidence 
when  computed  on  the  same  basis  and  compared  to  that  of  1948-49. 
Sampling  in  1947-48  was  probably  not  extensive  enough  for  accurate  com¬ 
parison  with  the  following  years.  If  calculated  on  a  per  cent  of  the  total 
sample  of  measured  crabs  the  incidence  for  1949-50  would  be  6.9%  in 
comparison  to  5.4%  for  1947-48  and  16.4%  for  1948-49. 

In  each  of  the  three  years  of  investigation  the  major  focus  of  infested 
crabs  has  been  found  in  a  small  area  near  the  southwest  end  of  Mud  Island, 
Aransas  Bay.  With  an  incidence  discrepancy  brought  about  through  changes 
in  collecting  methods  and  areas,  a  comparison  based  on  the  samples  taken 
from  the  major  focal  area  would  present  a  more  accurate  occurrence  trend. 
(Table  III).  Thus,  it  may  be  seen  that  there  is  a  relatively  small  variation  in 
incidence  for  1948-49  and  1949-50  and  that  those  two  years  compare  favor¬ 
ably  with  the  2  5.8%  incidence  based  on  three  years  sampling  of  the  south¬ 
west  Mud  Island  area.  The  high  incidence  of  1948-49  (Daugherty,  1949) 


TABLE  III 

Loxotbylacus  texanus  infestation  for  fiscal  years  1947-50. 
*  Based  on  sample  of  22  infested  crabs. 

Fiscal  year 

1947- 48 

1948- 49 

1949- 50 
1947-50 


% 

all 


infested 

stations 

5.4 

16.4 

6.9 

8.2 


%  infested 
S  W  Mud  Is. 
40.0* 
27.5 
23.9 
25.8 
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can  be  explained  in  light  of  a  slight  accentuation  of  work  in  the  major  focal 
area  during  that  time. 

It  is  evident,  when  calculations  are  based  on  the  Mud  Island  focus  of 
infestation,  that  the  degree  of  infestation  has  been  fairly  constant  for  the 
past  three  years. 

SUMMARY 

1.  A  total  of  8,492  blue  crabs  were  examined  during  the  fiscal  year, 
1949-50. 

2.  Occurrence  trends  for  1949-50  deviated  from  those  of  1947-48  and 
1948-49  in  that  May,  June,  and  July  were  peak  months  and  not  April. 

3.  Formation  of  the  egg  mass  occurs  to  a  minor  extent  in  the  bays  and 
for  the  greater  part  in  the  gulf  proper. 

4.  Hatching  takes  place  in  the  gulf,  with  occasional  cases  occurring  in 
the  bays. 

5.  Mature  females  move  out  of  the  bays  through  passes  to  the  gulf 
with  considerable  urgency  as  evidenced  by  large  numbers  of  unspawned  and 
ovigerous  crabs  caught  by  the  outgoing  fish  trap. 

6.  The  known  spawning  season,  during  mild  years,  extends  from  De¬ 
cember  to  October,  with  a  definite  possibility  of  a  November  occurrence. 

7.  It  was  found  that  the  peak  of  the  spawning  season  occurred  in  June 
and  early  July,  corresponding  to  the  height  of  the  gulfward  movement. 

8.  During  years  in  which  a  freeze  occurs  and  the  water  remains  cold 
for  extended  periods  the  known  spawning  season  is  from  April  to  September. 

9.  There  is  a  steady  gulfward  movement,  predominantly  females,  from 
March  through  May  with  a  rise  to  peak  movement  in  June  and  July.  Move¬ 
ment  leveled  off  in  August  with  outgoing  and  incoming  catches  almost  iden¬ 
tical  as  to  numbers. 

10.  The  April  population  peaks  of  1947-48  and  1948-49  apply  only 
to  the  bays. 

11.  In  contrast  to  previous  calculations,  Loxothylacus  texanus  infesta¬ 
tion  incidence  when  based  on  sampling  the  major  focal  area,  has  been  fairly 
constant  for  the  past  three  years. 
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BRUSH  INVASION  IN  THE  RIO  GRANDE  PLAIN 

OF  TEXAS 

EDWIN  R.  BOGUSCH 
Texas  College  of  Arts  and  Industries 
Kingsville 

Shrubby  plants  have  invaded  much  of  the  grasslands  of  southern  Texas 
within  the  memory  of  living  men.  At  one  time  a  considerable  portion  of  the 
eastern  section  of  the  rolling  prairie  on  the  Texas  Gulf  Coast  and  the  deltaic 
plains  lying  between  the  Nueces  River  and  the  Rio  Grande  were  open  grass¬ 
lands.  Cattlemen  still  speak  of  the  times  when  the  only  way  to  tether  a  horse 
in  this  area  was  to  wrap  the  reins  around  a  dried  cow  chip  and  bury  the 
chip. 

This  area  has  been  and  is  still  being  invaded  largely  by  mesquite.  In  the 
wake  of  this  active  intruder  other  woody  plants  as  well  as  cacti  follow  quick¬ 
ly.  This  change  from  grass  to  shrub  community  not  only  reduces  the  value 
of  the  range  as  pasture  but  also  introduces  new  animal  communities.  Some 
of  these  changes  are  undesirable  to  the  human  occupants  of  the  area.  Some 
laymen  who  are  in  the  cattle  industry  claim  that  where  the  mesquite  has 
come  into  areas  still  partly  sodded,  wood  rats  have  increased  and  with  that 
increase  has  come  a  larger  number  of  the  diamond-back  rattlesnake.  We  have 
not  been  able  to  accurately  verify  this  belief  but  recognize  that  it  is  a 
possibility. 

Many  writers  (Grinnell  &  Dixon,  1918;  Vorhies  &  Taylor,  1922;  Bailey, 
1931;  Grinnell,  1937;  Howell,  193  8;  Graham,  1941)  report  on  the  food 
value  of  mesquite  to  ground  squirrels,  kangaroo  rats,  raccoon,  cottontail  rab¬ 
bits,  wood  rats,  coyote,  and  deer.  Bogusch  (1950)  has  presented  a  partial 
review  of  some  of  the  voluminous  literature  on  mesquite. 

Our  own  studies  show  that  the  mesquite  bean  is  used  for  food  by  the 
Baird  wood  rat,  the  thirteen-lined  ground  squirrel,  and  by  the  raccoon.  Live 
trapping  at  stations  located  within  the  mesquite  thickets  has  yielded  a  large 
associated  fauna,  much  of  which  is  in  need  of  more  extensive  ecological 
studies  in  the  field. 

The  oral  reports  from  settlers  regarding  the  origin  of  the  mesquite  and 
the  former  extent  of  the  grasslands  leads  to  certain  popular  erroneous  ideas 
concerning  the  causes  of  the  disappearance  of  the  grasslands.  It  is  true  that 
much  of  the  grass  is  no  longer  available  because  of  brush  invasion.  Bell  and 
Dyksterhuis  (1943)  estimate  that  51  million  acres  in  Texas  are  adversely 
affected  by  the  presence  of  mesquite  and  cedar  alone.  To  this  must  be  added 
those  areas  which  are  more  or  less  completely  dominated  by  other  woody 
species. 

However,  stockmen  whose  observations  show  the  close  relationship 
which  exists  between  the  presence  of  young  mesquite  plants  and  grazing 
cattle  have  been  quick  to  conjecture  that  the  early  cattle  drives  from  Mexico 
brought  the  seeds  into  Texas.  Other  lay  sources  of  information,  often  freely 
repeated  at  places  where  stockmen  meet,  attribute  the  presence  of  the  mes¬ 
quite  brush  to  travel  of  horses  and  even  to  buffalo.  The  wild  horses  which 
are  said  to  have  escaped  from  the  Spaniards  are  given  considerable  blame  for 
the  present  conditions. 
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None  of  these  suggestions  can  be  dismissed  as  being  of  no  importance. 
Therefore,  it  is  necessary  to  review  the  facts  which  affect  the  validity  of 
these  claims.  Benson  (1941)  has  stated  in  his  monographic  studies  on  the 
mesquites  and  screw  beans  that  the  "mesquites  have  pods,  which,  contrary  to 
the  usual  development  in  the  Leguminosae  are  indehiscent.  Cattle  eat  and 
digest  the  pods  and  distribute  many  of  the  seeds  on  the  ranges.”  However, 
he  immediately  qualifies  the  statement  by  indicating  that  the  seeds  were 
introduced  on  the  open  range  from  the  vicinity  of  streams,  washes,  and  water 
holes.  Graham  (1941)  emphasizes  that  the  tree  is  often  distributed  by  cattle 
on  over-grazed  areas. 

From  records  found  in  old  journals  we  learn  that  the  mesquite  was  here 
in  Texas  much  longer  than  is  generally  believed.  Although  Rath  (1919) 
gives  no  proof  to  substantiate  his  belief  that  Cabeza  de  Vaca  encountered 
the  mesquite  on  his  wanderings  in  Texas  during  the  years  from  1527  to  1  5  3  5, 
there  is  enough  mesquite  reported  in  other  frontier  journals  to  make  this 
conjecture  seem  reasonable.  Kress  (1931)  quotes  from  the  diary  of  Father 
Solis  to  fix  the  date  of  1767  with  certainty  insofar  as  the  presence  of  mes¬ 
quite  may  be  accounted  for  in  the  area  lying  between  the  Rio  Grande  and 
the  Nueces  River.  The  mesquite  which  this  mission  inspector  encountered 
occurred  in  the  breaks  adjacent  to  the  rivers  as  well  as  in  the  canyons  and 
drav/s. 

Many  additional  references  can  be  cited  to  support  the  view  that  the 
invasion  of  mesquite  and  woody  vegetation  is  not  of  recent  origin.  However, 
as  long  as  the  grassland  remained  relatively  undamaged  the  brush  was  unable 
to  invade.  At  the  beginning  of  the  century  Bray  (1904)  reported  that  he 
discovered  mesquite  trees  in  the  Rio  Grande  Valley  with  trunks  over  two  feet 
in  diameter.  This  pioneer  Texas  ecologist  concluded  that  the  region  must 
have  been  supporting  a  woody  vegetation  for  at  least  several  hundred  years 
preceding. 

Since  the  leguminous  trees  in  this  region  cannot  endure  as  long  as  the 
giant  redwoods  of  the  Pacific  coast,  the  absence  of  older  trees  is  merely  in¬ 
dicative  of  the  short  life  span  of  the  mesquite  trees.  We  cannot  fix  any  early 
date  for  their  introduction  except  by  inference.  From  many  sources  of  infor¬ 
mation,  the  author  believes  that  quite  likely  the  present  flora  was  relatively 
constant  on  the  Rio  Grande  Plain  since  the  close  of  the  Pleistocene. 

By  constancy  is  meant  the  co-existence  of  most  of  the  species  comprising 
our  present  flora.  It  does  not  mean  stability  of  boundaries  within  that  flora 
The  dynamic  nature  of  plant  associations,  which  is  one  of  the  accepted  char¬ 
acteristics  of  such  plant  groups,  has  doubtless  responded  to  shifting  biotic 
stresses  of  various  kinds.  The  understanding  of  the  exact  nature  and  extent 
of  many  of  the  forces  influencing  plant  growth  on  these  deltaic  plains  still 
requires  much  study,  both  in  the  field  and  in  the  laboratory. 

Somewhat  trite  is  the  often-repeated  assertion  that  every  region  is  a 
meeting  place  of  floras.  Nevertheless,  Texas  as  a  whole,  because  of  its  geo¬ 
graphic  expanse,  embraces  floras  which  have  originated  under  unique  condi¬ 
tions  of  climate  and  topography.  The  degree  to  which  they  intermingle  varies 
with  the  section  of  the  state  under  consideration.  In  the  Texas  Tamaulipan 
Biotic  Province  the  predominating  species  from  the  Sonoran  desert  which 
occur  within  the  state  become  increasingly  abundant  when  one  goes  north¬ 
ward.  Likewise  the  Atlantic  woodland  species  dwindle  southward  toward  the 
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Rio  Grande  until  they  all  but  disappear.  At  present  there  seems  to  be  no 
detailed  study  available  which  adequately  evaluates  the  percentage  of  each 
species  from  the  several  floral  areas  represented. 

It  is  not  our  purpose  here  to  give  a  complete  analysis  of  the  vegetation 
of  the  Tamaulipan  Biotic  Province,  even  if  it  were  possible  at  this  time  to 
do  so.  The  species  which  will  be  mentioned  are  descriptive  of  the  major  aspect 
of  the  brushlands  that  are  replacing  the  grasslands.  The  Texas  Tamaulipan 
Biotic  Province  was  defined  by  Dice  (1943)  and  redescribed  by  Blair  (1949). 
For  our  present  purpose  it  may  be  roughly  bounded  by  the  points  which  are 
suggested  by  Del  Rio  on  the  west,  San  Antonio  on  the  northeast,  and  Rock- 
port  on  the  southeast.  These  limits  are  only  approximate.  The  Texas  portion 
of  the  Tamaulipan  Biotic  Province  corresponds  closely  with  the  natural 
physiographic  division  known  as  the  Rio  Grande  Plains. 

Muller  (1947)  describes  the  composition  of  the  vegetation  of  Coahuila, 
Mexico.  The  nature  of  the  chaparral  as  he  describes  it  south  of  the  inter¬ 
national  boundry  is  quite  similar  to  that  in  our  own  area.  Cockerell  (1945) 
in  speaking  of  the  mesquite  calls  it  an  alien  member  of  our  own  flora.  In 
some  respects  the  wording  would  be  more  appropriate  if  the  species  had  been 
termed  a  member  of  an  alien  flora.  This  vegetation  of  the  Mexican  plateaus 
is  a  diversified  assortment  of  leguminous  shrubs,  which  for  the  most  part 
are  spine-armed.  Engler  (1879)  considered  this  a  much  specialized  association 
of  xerophytic  shrubs.  It  is  quite  evident  that  the  boundaries  of  this  plant 
association  have  expanded  within  the  last  several  centuries. 

While  the  mesquite  (Pros opts  juliflora  (Swartz)  DC.)  is  the  most  con¬ 
spicuous  and  aggressive  invader  of  new  areas,  it  is  but  one  of  a  membership 
which  includes  such  other  legumes  as  Siderocarpos  flexicaule  (Benth.)  Small, 
Texas  ebony;  Havardia  brevifolia  (Benth.)  Small,  the  huajillo,  and  several 
acacias,  conspicuous  among  which  is  Acacia  amentacea  DC.  Also  the  huisache 
(Vachellia  farnesiana  (L.)  Wight  &  Arn.)  is  abundant  under  special  condi¬ 
tions,  one  of  which  is  a  tight,  saturated  soil.  A  very  abundant  and  unique 
tree  which  forms  zones  around  ponds,  between  the  huisache  and  the  coffee- 
bean  (Daubentonia  longi folia  (Cav.)  DC.)  is  the  retama  (Parkinsonia  acu¬ 
te  at  a  L.)  and  its  relative,  the  palo  verde  ( Cercidium  floridum  Benth.)  The 
nomenclature  used  in  this  paper  follows  Small  (1913),  and  determinations 
are  based  upon  material  collected  in  the  field  and  verified  in  greater  part  by 
the  staff  of  the  U.  S.  National  Herbarium. 

Intermingled  with  this  legume  shrub  flora  are  others  in  greater  or  lesser 
abundance.  The  granjeno  (Momisia  pallida  (Torr.)  Planch),  the  bee  brush 
( Aloysia  ligustrina  (Lag.)  Small),  the  lantana  (Lantana  horrida  H.B.K.), 
and  more  rarely  the  shrubby  sage  ( Salvia  ballotaeflora  Benth.)  are  under¬ 
stories.  Other  shrubby  and  frequently  thorn-bearing  species,  such  as  Eyseu- 
bardtia  amorpboides  H.B.K.,  which  has  no  widely  accepted  common  name 
and  bears  the  local  name  of  skunk-bush,  the  logwood  (Condalia  spatbulata 
A  Gray)  the  white  thorn  (Z izyphus  obtusifolia  (Hook.)  A.  Gray),  the 
poison  coyotillo  ( Karwinskia  humboldtiana  Zucc.)  and  such  common  cacti 
as  the  prickly  pear  ( Opuntia  lindheimeri  Engelm.)  and  the  tasajillo  cactus 
(Opuntia  leptocaulis  P.  DC.)  aid  in  giving  the  Thorn  Shrub  Association  its 
characteristic  appearance. 

Although  cattle  are  widely  accused  of  being  responsible  for  the  change 
from  grass  to  brush,  they  are  only  part  of  a  more  complex  series  of  inter¬ 
related  factors.  As  long  as  the  grassland  was  grazed  only  by  deer,  antelope, 
moving  herds  of  buffalo,  and  the  like,  there  was  small  evidence  of  invasion 
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by  the  woody  members  of  the  arroyo  floras  except  marginally.  Bracht  (1931) 
wrote  in  his  journal  of  the  grassland  prairies  well  populated  with  game 
animals. 

Buffalo  alone  could  not  be  much  of  a  factor,  even  in  the  physical  dis- 
trbution  of  the  seeds  of  the  shrubs.  The  migratory  habits  of  the  buffalo 
carried  these  animals  beyond  the  range  of  the  mesquite  months  before  the 
first  beans  matured.  Bogusch  (1951)  has  shown  the  limiting  effect  of  micro- 
thermal  years  upon  the  northward  spread  of  the  mesquite  and  states  that 
the  real  mechanics  of  invasion  is  one  of  increasing  the  density  of  the  existing 
stands  rather  than  an  actual  extension  of  the  range.  The  buffalo  wandered 
far  beyond  these  limits. 

As  long  as  the  game  animals  were  largely  unrestricted  in  their  move¬ 
ments,  the  effect  of  drought  years  was  to  drive  them  away  from  the  affected 
grasslands  into  natural  grazing  grounds  which  were  better  able  to  feed  them. 
This  effect  was  even  more  pronounced  with  the  introduction  of  cattle  upon 
the  open,  unfenced  range.  The  sod  was  everywhere  left  with  a  minimum  of 
mechanical  injury  from  the  animals.  Even  the  few  shrubs  which  chanced  to 
become  established  in  the  grasslands,  either  marginally  or  even  centrally, 
usually  suffered  damage  from  the  prairie  fires.  This  firing  was  practised  by 
the  Indians  for  various  purposes.  One  was  to  drive  game  ahead  of  it  for  the 
hunters  to  kill.  Another  was  the  stimulating  influence  which  burning  exer¬ 
cises  upon  early  growth.  This  new  greenness  attracted  game  animals  to  areas 
which  were  suitable  for  hunting  by  the  Indians. 

When  the  aborigines  ceased  their  burning  of  the  pairies  the  settler  some¬ 
times  still  continued  the  practise.  Bracht  (1931)  observed  as  early  as  1848 
that  wherever  the  prairie  fires  ceased,  small  brush  and  small  forests  appeared 
within  a  few  years  with  no  assistance  from  man.  He  laments  the  continuation 
of  burning  near  the  settlements,  where  white  men  were  following  this  prac¬ 
tise  of  the  Indians. 

Much  more  can  be  said  upon  the  subject  of  prairie  burning,  but  at  this 
time  some  of  the  conclusions  are  controversial.  Specific  attention  has  not  been 
directed  to  conduct  controlled  experiments  to  determine  whether  the  effect 
of  prairie  burning  in  the  Tamaulipan  is  actually  a  factor  in  promoting  shrub 
invasion  by  weakening  of  the  grasses.  However,  with  the  cessation  of  the 
firing  of  the  grasslands  a  long  series  of  changes  occurred  which  altered  both 
the  flora  and  the  associated  fauna. 

Fencing  did  much  to  promote  a  rapid  invasion  of  the  brush  and  was 
apparently  a  strong  factor.  It  was  the  restriction  of  the  range  of  the  cattle 
rather  than  the  cattle  drives  which  favored  the  encroachment  of  the  brush. 
Opposed  to  these  facts  are  such  statements  made  by  laymen  of  exceptional 
winters  between  1860  and  1875,  during  which  time  the  cattle  were  said  to 
have  drifted  into  Mexico  ahead  of  the  northers.  In  Mexico,  these  sources  say, 
these  cattle  ate  the  mesquite  and  planted  the  seeds  on  their  northward  trek 
back  to  the  home  range.  Actually,  the  mesquite  and  other  woody  vegetation 
was  already  established  in  the  arroyos  and  elsewhere. 

In  order  to  test  the  effect  of  competition  upon  the  establishment  of 
mesquite  seedlings,  seeds  were  planted  during  the  years  between  1945  to 
1948.  Areas  which  were  selected  included  those  in  which  grass  was  still  in 
control  of  the  soil  as  well  as  badly  disturbed  areas.  In  the  grassland  the  few 
mesquite  seeds  which  managed  to  germinate  were  soon  choked  out  by  the 
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grass.  Those  which  germinated  upon  small  bare  areas  managed  to  grow,  and 
the  survival  was  from  ten  to  twenty-five  percent,  even  under  the  scant  rain¬ 
fall  during  that  period  of  observation. 

As  many  others  have  already  observed,  the  passage  of  the  mesquite  seeds 
through  the  intestinal  tract  of  cattle  seems  to  favor  their  germination,  and 
the  microclimate  provided  by  the  warmth  and  moisture  of  the  manure  is 
very  effective  in  establishing  the  plant.  Nevertheless,  observations  over  an 
extended  period  of  time  suggest  that  these  advantages  are  at  a  maximum 
only  when  the  grass  cover  has  already  been  seriously  injured  by  other 
agencies. 

When  fences  restrict  cattle  in  their  movements,  the  animals  are  forced 
to  stay  on  pastures  often  already  over  grazed.  The  continued  close  grazing 
weakens  the  plants  and  the  mechanical  damage  by  the  hoofs  often  destroys 
much  of  the  protective  sod. 

Even  if  mesquite,  the  primary  woody  invader,  is  not  established  immedi¬ 
ately,  the  exposed  soil  is  subjected  to  erosion  by  wind  and  gullying  by  water. 
Each  of  these  provides  still  more  favorable  conditions  for  the  woody  plants 
to  become  established.  It  is  our  studied  opinion  that  the  effect  of  climatic 
oscillations  and  cycles  has  far  less  effect  upon  initiating  brush  invasion  than 
it  does  in  perpetuating  it.  During  the  early  ecesic  development  of  the  seed¬ 
lings,  those  of  the  woody  plants  require  favorable  moisture  conditions.  These 
seedlings  are  no  less  vulnerable  to  drought  than  are  those  of  grasses.  Once 
the  woody  plants  are  established,  however,  their  roots  possess  phenomenal 
penetrating  powers  and  can  reach  sources  of  water  which  are  often  unavail¬ 
able  to  other  plants  (Weaver  and  Clements,  1929). 

During  the  spring  of  1951  in  certain  parts  of  our  area,  even  after  a 
severe  fall  and  winter  drought,  the  brush  lands  were  able  to  produce  new 
leaves  and  achieve  good  growth  while  shallow-rooted  perennials  made  little 
growth  and  annuals  were  all  but  completely  lacking.  Droughts,  it  seems, 
cannot  initiate  invasion  but  they  can  maintain  it  by  still  further  reducing 
competition.  During  drought  or  semidrought  conditions  cattle  are  attracted 
to  the  food  represented  by  the  mesquite  beans.  The  seeds  are  scattered  widely 
as  a  result.  These  seeds  remain  viable  for  an  astonishing  length  of  time. 
Martin  (1948)  reports  germination  after  44  years. 

In  this  study  the  mesquite  has  been  considered  chiefly  because  this  spe¬ 
cies,  more  than  any  other,  pioneers  in  the  invasion  upon  the  prairie  and 
initiates  conditions  which  favor  other  invaders.  Tharp  (1944)  points  out 
that  the  areas  which  mesquite  invades  are  almost  invariably  invaded  by  other 
brush.  The  grass  is  therefore  progressively  crowded  out  and  the  total  density 
of  the  brush  increases. 

All  of  the  reasons  for  this  are  still  not  evident  and  some  factors  invite 
still  further  study.  For  the  most  part,  however,  the  second  stage  in  the 
invasion  is  due  to  the  operation  of  a  series  of  interrelated  biotic  factors. 
Each  of  these  depends  upon  the  presence  of  conditions  which  favor  some 
other  organism.  This  in  turn  favors  still  another.  Not  all  of  these  links  in 
the  chain  are  yet  known,  and  both  field  and  laboratory  studies  should  be 
rewarding. 

Bray  (1906)  already  recorded  that  the  mockingbird  is  responsible  for 
spreading  the  mistletoe  ( Phoradendron  flavescens  (Pursh)  Nutt.)  through 
the  mesquite.  This  was  abundantly  demonstrated  in  Kleberg  County  during 
the  rainless  summer  and  winter  of  1950,  where  the  favorite  perches  of 
mockingbirds  in  certain  mesquite  trees  produced  as  many  as  15  to  20  new 
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infestations  in  a  single  tree.  Berry-eating  birds  are  undoubtedly  responsible 
for  carrying  the  seeds  of  the  granjeno  (M omnia  pallida  (Torr.)  Planch.) 
into  mesquite  clumps.  Rabbits  more  than  cattle  can  be  considered  responsible 
for  scattering  the  vegetative  segments  of  the  tasajillo  cactus  ( Opuntia  lepto- 
caulis  P.  DC.)  and  establishing  them  in  these  same  places  already  occupied 
by  other  shrubs.  Birds  as  well  as  the  wood  rats  carry  fruits  of  other  plants, 
including  the  prickly  pear  ( Opuntia  lindheimeri  Engelm.)  into  such  brush 
nuclei. 

Although  the  deep  rooted  woody  vegetation  is  held  responsible  for 
lowering  the  subsurface  water  table,  the  advocates  of  that  theory  have  pre¬ 
sented  little  experimental  evidence  in  support  of  this  claim.  The  author  has 
seen  no  controlled  experimental  data,  although  he  does  not  deny  the  possible 
logic  of  the  assumption.  With  reference  to  the  upper  soil  layers,  the  shading 
done  by  the  shrubs  as  well  as  the  interference  with  wind  movements  must 
combine  to  reduce  the  rate  of  evaporation  over  that  of  stations  in  the  open. 
However,  it  is  doubtful  whether  this  moisture  control  would  be  as  effective 
as  that  offered  by  a  grass  cover. 

The  complete  study  on  the  subject  of  the  degree  of  control  exercised 
by  the  woody  vegetation  still  needs  to  be  made.  The  purpose  of  this  pre¬ 
liminary  report  is  to  state  the  problem.  Certainly  it  should  be  apparent  that 
a  realistic  brush  control  program  will  depend  in  no  small  part  upon  the  sound 
knowledge  which  ecological  studies  must  provide.  Invasion  of  a  climax  vege¬ 
tation  is  an  expression  of  injury  to  the  climax.  Only  through  removing  the 
causes  of  that  injury  can  control  become  effective. 

SUMMARY 

1.  Much  of  the  region  lying  between  the  Nueces  River  and  the  Rio 
Grande  was  originally  grassland. 

2.  As  long  as  the  grassland  climax  remains  undisturbed  the  woody 
plants  are  confined  to  the  canyons  and  draws  along  stream  beds. 

3.  For  the  most  part  this  woody  vegetation  is  of  the  Sonoran  desert 
type,  composed  largely  of  leguminous  shrubs. 

4.  Wild  game  did  little  damage  to  the  grassland.  Buffalo  had  no 
important  part  in  spreading  the  mesquite. 

5.  The  effect  of  burning  upon  grassland  is  still  controversial,  but  in 
general  the  results  seem  to  be  deleterious  to  the  welfare  of  the  grassland. 

6.  Fencing  restricted  movement  of  cattle  and  increased  damage  to  the 
grass,  thus  providing  opportunity  for  the  invasion  of  shrubs. 

7.  Dry  cycles  cannot  initiate  brush  invasion  but  can  favor  its  continua¬ 
tion  through  reduced  competition  with  other  forms. 

8.  Mesquite  is  the  primary  woody  invader.  Its  presence  sets  up 
conditions  which  favor  biotic  factors  that  result  in  bringing  in  associated 
shrubs. 

9.  Any  effort  toward  effective  brush  control  must  rest  upon  a  know¬ 
ledge  provided  through  ecological  research,  much  of  which  still  remains  to 
be  done  upon  this  problem  of  brush  invasion. 
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ERRATA 


In  Volume  3,  Number  3,  Smith,  Victor  J.,  "The  Use  of  Rock  Wall 

Construction  by  the  Indians  of  the  Big  Bend  in  Texas,”  cut  lines  under 

the  pictures  were  mixed.  They  should  read  as  follows: 

FIG.  1 — Open  wall  along  trail  thought  to  be  an  ambush  or  protection  against  raiders. 
(Now  under  Fig.  5) 

FIG.  2 — Typical  rough  wall  work  found  throughout  the  Big  Bend  in  Texas.  Used 
for  fortifications  and  protection  against  weather.  (Now  under  Fig.  6) 

FIG.  3 — Remains  of  wall  built  up  to  overhanging  rock  ceiling  to  form  rooms.  Door¬ 
way  has  caved  away  since  first  observed.  (Now  under  Fig.  7) 

FIG.  4 — Typical  enclosed  area  between  large  boulders  on  flat  ground.  (Nov/  under 
Fig.  2) 

FIG.  5 — Low  walls  built  between  larger  boulders  for  partial  protection.  Supposed  to 
have  been  covered  overhead  with  skins.  Lympia  Canyon.  (Now  under  Fig.  1) 

FIG.  6 — Byrd  Mine  "Flandprint  Shelter.”  Typical  wall  work  in  front  of  small  room 
shelter.  This  "cave”  contained  many  interesting  hand  prints  made  by  scrap¬ 
ing  away  the  background  from  smoke  covered  rock.  (Now  under  Fig.  3) 

FIG.  7 — Sunny  Glenn  "Cave.”  A  long  wall  enclosed  this  shelter.  (Now  under  Fig.  4) 
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VEGETATIVE  REPRODUCTION  IN 
OPUNTIA  LEPTOCAULIS  P.  DC.  (TASAJILLO) 

RICHARD  B.  RYPMA 
Department  of  Biology 
A.  &  M.  College  of  Texas 

Opuntia  lep  toe  amis  P.  DC.  known  commonly  as  the  jointed  cactus, 
rat-tailed  cactus  or  tasajillo  is  one  of  the  more  widely  distributed  prickly 
pears.  It  occurs  throughout  the  southern  and  western  part  of  Texas,  as  far 
east  as  the  Brazos  River  Valley  and  is  reported  as  far  north  as  Wichita  Falls, 
Texas  (Schulz  and  Runyon  1930). 

The  great  ease  with  which  many  cacti  reproduce  vegetatively  is  well 
known  (Houghton  1931,  Higgins  1946).  This  particular  species  appears  in 
this  region  to  reproduce  largely,  if  not  entirely,  by  this  method.  This  sup¬ 
ports  the  conclusion  of  Schulz  and  Runyon  (1930).  Interest  is  further 
aroused  when  the  number  of  ovaries  with  visable  seed  is  compared  with  the 
apparent  complete  lack  of  seedlings. 

Investigations  of  a  large  number  of  juvenile  plants  from  the  Brazos 
River  Valley  were  made  at  intervals  over  a  two  year  period,  and  a  number 
of  plants  were  obtained  from  other  localities.  In  all  cases,  the  young  plants 
were  found  to  have  originated  vegetatively  from  plant  parts  which  had 
fallen  to  the  ground. 

This  species  is  characterized  by  rather  loosely-jointed  stem  segments 
and  by  large  numbers  of  rather  loosely  attached  ovaries.  Proliferations  aris¬ 
ing  from  meristematic  tissue  associated  with  individual  areole  apices  are 
rather  common  from  both  cauline  and  ovarian  areolae.  The  ease  of  disarticu¬ 
lation  of  the  loosely  jointed  portions  of  this  plant  has  been  reported  by 
Schulz  and  Runyon  (1930). 

Juvenile  plants  are  produced  abundantly  under  the  bushy  growth  of 
older  plants  and  are  found  quite  often  growing  at  isolated  points.  The 
young  plants  are  quite  inconspicuous,  but  when  located  are  morphologi¬ 
cally  distinct. 

The  juvenile  form  is  usually  from  2  to  7  cms.  in  height  and  about 
4  mm.  in  diameter,  with  a  basal  portion  of  extremely  small  diameter.  The 
spines  are  centrally  located,  normally  less  than  1  cm.  in  length,  naked  and 
often  accompanied  by  2  to  5  smaller  appressed  radial  spines.  The  areolae 
are  extremely  small,  around  1  centimeter  in  diameter,  and  glochids  may  be 
present.  The  juvenile  condition  persists  only  through  one  or  two  growing 
seasons.  The  mature  plant  has  been  well  described  by  Schulz  and  Runyon 
(1930). 

Six  hundred  juvenile  plants  were  inspected  from  the  Brazos  Valley, 
almost  all  of  which  had  arisen  from  proliferations.  Some  had  arisen  from 
broken  stem  fragments  and  one  had  arisen  vegetatively  from  an  ovary  which 
had  rooted,  Fig.  1.  Material  obtained  from  near  Laredo,  Texas,  showed  a 
similar  condition  to  exist. 

The  seeds  are  usually  somewhat  rounded,  about  4  mm.  at  the  largest 
diameter,  and  flattened.  The  embryo  is  large,  fleshy  and  curved,  with  leaf¬ 
like  cotyledons  that  expand  upon  germination.  The  seed,  coats  are  thick  and 
quite  hard  at  maturity. 
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FIG.  1 — Roots  and  young  plants  developing  from  an  ovary,  a  proliferation  and  a 
stem  segment. 


Propagation  methods  available  to  the  author  leave  much  to  be  de¬ 
sired;  however,  the  several  attempts  to  germinate  seed,  though  carefully  con¬ 
trolled,  were  largely  unsuccessful.  Pretreatment  of  seed  with  acids,  bases 
and  heat  were  deleterious.  Ageing  of  the  seed  as  reported  by  Myers  (1943) 
had  little  effect  and  attempts  to  duplicate  the  work  of  Ziegler  (1930)  and 
Schulz  and  Runyon  (1930)  gave  no  results. 

Limited  success  in  producing  seedlings  was  obtained  by  cutting  away 
rather  wide  portions  of  the  edge  of  the  seed  coat  prior  to  planting.  This 
allowed  an  easy  expansion  of  the  developing  embryo  and  a  few  seedlings 
were  obtained.  Despite  the  care  taken  and  the  use  of  several  types  of  media, 
none  of  these  survived. 

No  attempt  is  made  to  imply  positive  lethality  as  a  reason  for  failure 
of  successful  seed  propagation  of  this  species,  however,  it  appears  that  re¬ 
production  is  largely  vegetative  in  the  localities  investigated.  The  ease  with 
which  this  plant  reproduces  vegetatively  may  well  be  such  that  sexual  re¬ 
production,  though  entirely  possible,  is  for  the  most  part  largely  preempted. 
However,  in  particular  years  and  under  specific  conditions,  seedlings  may 
possibly  develop  in  conspicuous  numbers.  The  vegetative  means  of  repro¬ 
duction  can  be  considered  as  separate  and  distinct  from  the  sexual  means 
and  it  may  be  that,  in  this  highly  specialized  group,  this  species  may  repre¬ 
sent  an  evolutionary  trend  toward  apomyxis  (Stebbins  1941). 

SUMMARY 

Investigation  reveals  the  particular  ease  with  which  all  parts  of  this 
plant  produce  roots  when  in  contact  with  the  soil  and  no  seedling  plants 
were  found  during  the  study.  Attempts  to  germinate  seed  were  for  the 
most  part  unsuccessful  and  no  seedlings  survived  to  produce  plants.  Vege- 
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tative  reproduction  in  this  species  appears  to  be  the  primary  method  of  re¬ 
production  while  sexual  reproduction,  if  it  occurs,  is  somewhat  uncommon 
in  this  area. 
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Walker’s  Plant  Pathology  measures  up  to  the  high  standards  main¬ 
tained  by  the  author  in  his  excellent  survey  graduate  course  in  plant  pathol¬ 
ogy  at  the  University  of  Wisconsin.  When  compared  with  the  other  texts 
in  the  field  it  definitely  is  the  best  viewed  from  the  standpoint  of  profes¬ 
sional  training.  Moreover  for  the  instructor  and  student  it  has  merits  to 
place  it  on  the  reference  shelf.  Besides  at  the  end  of  each  chapter  is  a  se¬ 
lected  list  of  references. 

This  book  contains  17  chapters.  The  first  chapter  is  the  Introduction 
to  the  science  of  plant  pathology.  The  second  gives  a  brief  History  of  this 
relatively  new  science.  The  subject  matter  sequence  is  from  the  nonparasitic 
through  the  parasitic,  including  10  chapters  covering  nonparasitic  diseases, 
bacteria,  fungi  ( 5 ) ,  parasitic  Phanerogams,  nematodes,  and  viruses.  This 
is  followed  by  two  chapters  on  Environment  in  Relation  to  Disease  Develop¬ 
ment  and  Host-Parasite  Interactions  and  is  concluded  by  three  chapters 
covering  the  four  principles  of  plant  disease  control:  15,  through  Exclusion 
and  Eradication;  16,  through  Protection;  and  17,  through  Host  Resistance. 

If  the  sequence  is  followed  by  teaching  the  least  dynamic  nonparasitic 
diseases  first  it  will  be  difficult  to  inspire  the  beginning  student.  Yet  to  the 
inspired  teacher  the  sequence  of  treatment  in  the  text  is  relatively  immaterial 
because  it  is  not  difficult  to  take  up  the  various  groups  as  the  instructor 
chooses.  The  choice  of  diseases  for  treatment  as  type  diseases  is  rather  good. 
Yet  in  the  South  some  think  a  few  important  types  fail  to  receive  adequate 
emphasis.  Under  nonparasitic  diseases,  where  there  is  great  disparity,  the 
subject  would  take  on  much  more  meaning  to  the  student  if  this  group 
were  subdivided  into  two  natural  groups:  (1)  physiogenic  (caused  by  min¬ 
eral  deficiences,  excesses,  and  unbalances),  and  (2)  injuriogenic  (environ¬ 
mental  excesses — excess  heat,  excess  cold,  excess  water,  excess  drouth,  etc.) 
types.  Such  treatment  has  been  found  to  help  repair  the  looseness  of  termi¬ 
nology  for  this  group  of  disorders. 

A  point  on  terminology  is  raised  in  the  final  chapter  on  Host  Resistance. 
The  fourth  principle  of  disease  control  is  treated  in  this  text  as  being  limited 
to  the  methods  of  Selection  and  Hybridization,  instead  of  Immunization  as 
employed  by  H.  H.  Whetzel,  which  also  includes  the  methods  of  Nutrition 
(fertilization),  Medication  (chemotherapy,  etc.),  and  Vaccination  (virus — 
milder  strain).  Despite  these  relatively  minor  shortcoming  this  book  will 
be  in  the  vanguard  of  textbooks  in  plant  pathology  for  years  to  come,— 
E.  M.  HILDEBRAND. 
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BATS  OF  THE  EDWARDS  PLATEAU  IN  CENTRAL  TEXAS 

W.  FRANK  BLAIR 
Department  of  Zoology 
University  of  Texas 

The  Edwards  Plateau  of  central  Texas  is  an  extensive  tableland,  com¬ 
prised  chiefly  of  Cretaceous  limestones.  Caves  of  various  sizes  occur 
throughout  this  area,  and  they  are  particularly  numerous  along  the  eastern 
and  southern  edges  of  the  plateau.  White  (1948a)  listed  76  caves  from  the 
Edwards  Plateau,  and  this  list  is  far  from  complete.  This  abundance  of 
caves  makes  this  a  suitable  region  for  large  populations  of  bats.  The  inter¬ 
mediate  position  of  the  Edwards  Plateau,  between  the  relatively  humid 
forests  of  eastern  North  America  and  the  arid  deserts  and  mountains  of 
the  west,  make  this  a  region  of  special  biogeographical  interest. 

The  chiropteran  fauna  of  the  Edwards  Plateau  has  been  treated  only 
incidentally  in  a  few  general  works,  such  as  Bailey’s  (1905)  survey  of  Texas 
and  Taylor  and  Davis  (1947)  semi-popular  account  of  the  mammals  of 
the  state.  No  previous  attempt  has  been  made  to  analyze  the  biogeographi¬ 
cal  relations  of  this  interesting  fauna. 

The  present  report  is  based  on  miscellaneous  field  work  during  the  four 
years  of  1947  to  19  50  by  myself  and  my  students.  I  am  particularly  in¬ 
debted  to  Floyd  E.  Potter,  Jr.,  for  the  collections  and  observations  he  has 
made  in  numerous  caves.  I  am  indebted  to  Colin  C.  Sanborn  of  the  Chicago 
Natural  History  Museum  for  identifying  certain  species.  This  project  was 
supported  in  part  by  a  grant  from  the  Research  Institute  of  The  University 
of  Texas. 


LIST  OF  SPECIES 

Ten  species  of  bats  have  been  recorded  from  the  Edwards  Plateau.  In  the  follow¬ 
ing  account,  all  records  are  from  the  Texas  Natural  History  Collection  of  the  Uni¬ 
versity  of  Texas  unless  otherwise  indicated. 

Mormoops  megalophylla  senicula  Rehn.  Lappet-chinned  Bat.  This  species  was  re¬ 
ported  by  Mohr  (1948a)  as  common  in  Frio  Cave,  which  is  about  seven  miles  south 
of  Concan,  in  Uvalde  County.  The  Texas  Cooperative  Wildlife  Collection  at  Texas 
A  and  M.  College  contains  two  specimens  labeled  Concan,  Uvalde  County.  This  is  the 
northernmost  record  of  this  subtropical  species  in  Texas. 

My otis  velifer  incautus  ( Allen ) .  Little  Brown  Bat.  This  is  the  most  common  ves- 
pertilionid  bat  of  the  Edwards  Plateau,  and  it  probably  occurs  in  more  caves  than  any 
other  species  on  the  plateau.  Records  from  caves  for  January,  February,  March  and 
September  indicate  that  it  is  a  year-round  resident  in  the  region. 

Records  include:  Edwards  Co.,  Devil’s  Sink  Hole,  8  miles  east-northeast  of  Rock- 
springs;  Kendall  Co.,  Cascade  Cavern,  4.8  miles  southeast  of  Boerne;  Travis  Co.,  Bal- 
cones  Trail  Cave,  near  Austin;  Williamson  Co.,  Steam  Cave,  2  miles  southwest  of 
Georgetown.  The  Texas  A.  and  M.  College  Collection  contains  specimens  from  Kerr 
County,  Kerrville.  Bailey  (1905)  recorded  this  species  from:  Bexar  Co.,  San  Antonio; 
Comal  Co.,  New  Braunfels;  Kerr  Co.,  Japonica.  Miller  and  Allen  (1928)  recorded 
specimens  from:  Lampasas  Co.,  Lampasas;  Sutton  Co.,  Sonora;  Uvalde  Co.,  Uvalde. 
Kohls  and  Jellison  (1948)  recorded  this  species  from:  Comal  Co.,  Bracken  Cave, 
Brehmmer  Cave;  Kinney  Co.,  Webb  Cave;  Uvalde  Co.,  Frio  Cave. 

Lasionycteris  noctivagans  (LeConte).  Silver-haired  Bat.  One  specimen  was  shot 
at  dusk  as  it  was  feeding  over  the  flood-plain  of  the  Medina  River,  about  18  miles  west 
of  Bandera,  Medina  County,  on  March  20,  1948.  This  bat  was  feeding  over  blossom¬ 
ing  buckeyes,  in  company  with  Nycticeius  humeralis  and  possibly  other  species.  This 
is  the  first  record  of  this  species  from  Texas.  It  undoubtedly  occurs  in  this  state  only 
as  a  migrant. 
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Pipistrellus  sub  f  lav  us  (Cuvier).  Pipistrelle.  This  cave  bat,  with  a  wide  distribu¬ 
tion  in  eastern,  forested  North  America,  occurs  westward  on  the  Edwards  Plateau  as 
far  as  Rocksp rings  in  Edwards  County.  There  is  no  evidence  that  the  range  of  this 
species  overlaps  the  range  of  the  western  Pipistrellus  hesperus,  although  the  ranges  of 
the  two  approach  one  another  in  southern  Val  Verde  County.  Bailey  (1905)  recorded 
hesperus  from  the  mouth  of  the  Pecos  River  and  subflavus  from  Comstock,  some  11 
miles  to  the  east. 

Records  of  this  species  from  the  Edwards  Plateau  include:  Bandera  Co.,  7  miles 
southwest  of  Medina;  Edwards  Co..  Devil’s  Sink  Hole,  8  miles  east-northeast  of  Rock- 
springs;  Kendall  Co.,  Cascade  Caverns,  4.8  miles  southeast  of  Boerne.  The  Texas  A. 
and  M.  College  Collection  has  a  specimen  from  Kerr  Co.,  Kerrvilie.  Bailey  (1905) 
recorded  specimens  from  Comstock  and  Del  Rio. 

Nycticeius  burner  alls  ( Rafinesque) .  Evening  Bat.  One  specimen  was  shot  on 
March  20,  1948,  about  18  miles  west  of  Medina,  Bandera  County.  Two  specimens  in 
the  Texas  A.  and  M.  College  Collection  are  from  Kerr  County,  20  miles  south  of 
Hunt.  These  are  the  only  available  records  of  this  principally  eastern  species  from 
the  Edwards  Plateau.  This  species  breeds  to  the  east  and  south  of  the  Edwards  Plateau, 
and  it  is  assumed  that  it  also  does  so  on  the  plateau. 

Lasiurus  cinereus  (Beauvois).  Hoary  Bat.  Taylor  and  Davis  (1947)  recorded 
this  species  from  Blanco  County.  This  species  breeds  in  the  mountains  of  Trans-Pecos 
Texas. 

Lasiurus  borealis  borealis  (Miller).  Red  Bat.  This  tree  bat  is  fairly  common  lo¬ 
cally  on  the  eastern  part  of  the  Edwards  Plateau.  One  specimen  was  collected  at 
Austin  by  W.  L.  Thompson  on  November  29,  1950.  Specimens  examined  in  the 
Texas  A.  and  M.  College  Collection  are  from:  Kerr  Co.,  4  miles  northeast  of  Center 
Point,  20  miles  southwest  of  Hunt,  8  miles  southwest  of  Ingram,  and  8  miles  south¬ 
west  of  Kerrvilie.  Bailey  (1905)  recorded  the  red  bat  from:  Kerr  Co.,  Ingram  and 
Camp  Verde;  presumably  Val  Verde  Co.,  "Devil’s  River.”  Mulaik  (1943)  recorded 
three  specimens  that  were  found  hanging  in  a  pecan  tree  about  16  miles  south  of 
Kerrvilie,  in  July,  1940. 

Plecotus  rafinesquii  pallescens  (Miller).  Lump-nosed  Bat.  The  only  record  of 
this  species  from  the  Edwards  Plateau  is  a  reference  to  it  being  taken  in  Devil’s  Sink 
Hole,  Edwards  County  (White,  1948b).  This  bat  is  common  in  Trans-Pecos  Texas, 
and  a  specimen  in  the  Texas  A.  and  M.  College  Collection  from  the  mouth  of  the 
Pecos  River  in  Val  Verde  County  indicates  that  it  ranges  eastward  at  least  to  the  Pecos. 

Antrozous  pallidus  pallidus  (LeConte).  Pallid  Bat.  Mulaik  (1943)  recorded  live 
specimens  collected  from  a  group  of  about  50  that  were  under  eaves  of  a  ranch  house 
about  16  miles  south  of  Kerrvilie,  Kerr  County,  in  August,  1939.  One  specimen  in 
the  Texas  A.  and  M.  College  Collection  is  from  Kerrvilie.  This  is  the  easternmost 
record  of  this  western  species. 

Tadarida  mexicana  (Saussure).  Mexican  Freetail.  This  is  the  most  common  bat 
of  the  Edwards  Plateau.  It  does  not  appear  to  be  as  evenly  distributed  as  Myotis 
velifer,  but  enormous  colonies  occur  in  the  large  caves  of  the  southern  part  of  the 
plateau.  Mohr  (1948b)  quotes  an  estimate  of  the  Ney  Cave  population  at  from  20 
to  30  million.  This  species  is  a  year-round  resident  on  the  Edwards  Plateau.  Specimens 
have  been  taken  in  buildings  at  Austin,  Travis  County,  in  February,  April  and 
September. 

Bailey  (1905)  recorded  this  species  from:  Kerr  Co.,  Kerrvilie,  Ingram;  Tom 
Green  Co.,  San  Angelo;  Val  Verde  Co.,  Comstock,  Del  Rio.  Kohls  and  Jellison  ( 1948) 
listed  this  species  from:  Comal  Co.,  Bracken  Cave;  Medina  Co.,  Ney  Cave;  Uvalde 
Co.,  Frio  Cave.  The  freetail  is  apparently  the  most  common  bat  in  Devil’s  Sink  Hole, 
in  Edwards  County  (see  White,  1948b). 

The  validity  of  Tadarida  texana,  described  by  Stager  (1942)  from  Ney  Cave, 
has  not  been  established.  This  is  regarded  as  a  color  variant  by  W.  B.  Davis  (per¬ 
sonal  communication),  and  I  am  of  the  same  opinion. 

BIOGEOGRAPHIC  RELATIONS 

Ten  species  of  bats  have  been  recorded  from  the  Edwards  Plateau. 
There  is  no  certainty  that  other  species  will  not  be  found  here,  but,  from 
the  amount  of  work  done,  it  seems  likely  that  the  list  is  nearly  or  wholly 
complete.  The  Edwards  Plateau  is  intermediate  in  geographic  position  be¬ 
tween  arid,  southwestern  North  America  and  the  comparatively  moist,  for- 
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ested  southeastern  part  of  the  continent.  It  is  also  somewhat  intermediate 
between  subtropical,  eastern  Mexico  and  the  colder  climates  of  central  North 
America.  It  is  not  surprising,  therefore,  that  the  chiropteran  fauna  of  the 
Edwards  Plateau  is  a  mixture  of  elements  from  all  of  these  regions.  Two 
species  ( Lasionycteris  noctivagans  and  Lasiurus  cinereus )  that  are  trans¬ 
continental  in  distribution  apparently  occur  on  the  Edwards  Plateau  only 
as  migrants.  Two  other  wide-ranging,  transcontinental  species  (Pie coins 
rafinesquH  and  Lasiurus  borealis)  are  known  from  this  region.  Two  eastern - 
forest  species  reach  their  western  limits  on  the  Edwards  Plateau.  One 
(. Nycticeim  burner  alls)  extends  about  half-way  across  the  plateau,  and  the 
other  ( Piphtrellus  subflavus )  extends  nearly  to  its  western  edge.  One  species 
(. Antmzom  pallidus )  is  a  western  form  that  reaches  its  eastern  limit  about 
half-way  across  the  plateau.  Three  species  have  distributions  that  center  in 
Mexico.  One  of  these  (M ormoops  me  galophylla)  has  been  recorded  from  the 
Edwards  Plateau  only  on  its  southern  edge.  The  other  two  (Tad  arid  a  mexi- 
cana  and  My  oils  velifer)  occur  throughout  the  Edwards  Plateau  and  com¬ 
prise  the  greatest  bulk  of  the  total  bat  population  of  this  region.  In  terms 
of  numbers  of  species,  the  Mexican  element  comprises  only  3  0  per  cent  of 
the  Edwards  Plateau  fauna,  but  in  terms  of  the  number  of  individuals  the 
proportion  of  Mexican  bats  is  much  higher. 

The  Edwards  Plateau  is  equally  as  interesting  biogeograph i c a  1  ly  because 
of  the  bats  that  do  not  occur  there  as  it  is  for  the  ones  that  do.  Only  10  spe¬ 
cies  are  known  from  this  region.  Twenty  species  occur  in  Trans-Pecos  Texas 
and  southern  New  Mexico  to  the  west  (see  Bailey,  1931;  Blair,  1940;  Borell 
and  Bryant,  1942;  Davis  and  Robertson,  1944;  Blair  and  Miller,  1949),  and 
most  of  these  are  known  from  the  Chihuahua  n  biotic  province,  which  bor¬ 
ders  the  Balconian  province  (Edwards  Plateau),  Twelve  species  of  bats  occur 
to  the  east  in  the  Austroriparian  and  Carolinian  provinces  of  the  south¬ 
eastern  United  States  (see  Miller,  1897,  1924;  Miller  and  Allen,  1928). 

The  Edwards  Plateau,  with  its  numerous  caves  and  its  woody  vege¬ 
tation,  might  be  expected  to  be  an  avenue  of  eastward  dispersal  for  western 
bats  and  a  route  of  westward  dispersal  for  eastern  ones.  Such  seems  to  be 
the  case  only  to  a  surprisingly  limited  extent.  Of  the  20  species  that  occur 
to  the  west,  only  six  occur  on  the  Edwards  Plateau.  Three  of  these  six  are 
species  that  are  transcontinental  in  distribution,  and  two  of  the  three  breed 
farther  north  and  occur  on  the  plateau  as  migrants.  Two  of  the  six  are  the 
principally  Mexican  species  that  make  up  the  bulk  of  the  plateau  bat  fauna. 
The  only  western  species  that  extends  onto-  the  platean  is  Antrozous  pallidus , 
which  is  a  cave  bat  that  ranges  eastward  as  far  as  Kerrville. 

Six  of  the  12  species  that  occur  to  the  east  also  occur  on  the  Edwards 
Plateau,  but  four  of  these  are  transcontinental  in  distribution.  The  other 
two  species  are  Piphtrellus  .subflavus ,  a  cave  bat  which  ranges  nearly  across 
the  plateau,  and  Nycticeius  humeralis ,  a  tree  bat  which  ranges  as  far  west  as 
Kerrville. 

The  distribution  of  the  genus  My  oik;  emphasizes  the  fact  that  the  Ed¬ 
wards  Plateau  is  not  an  avenue  for  the  east-west  dispersal  of  bats.  Nine 
species  of  Myotis  occur  immediately  to  the  west  of  the  plateau,  but  only  the 
principally  Mexican  species  Myotis  velifer  is  common  to  both  the  Balconian 
and  Chihuahuan  provinces.  No  eastern  species  of  this  genus  reaches  west¬ 
ward  to  the  Edwards  Plateau.  Since  caves  are  numerous  on  the  plateau,  some 
factor  other  than  the  absence  of  caves  must  account  for  the  failure  of 
western  species  of  this  cave-inhabiting  group  to  extend  eastward  into-  this 
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area.  The  limiting  factors  are  unknown  and  probably  complex.  Competition 
with  enormous  populations  of  Tadarida  mexicana  and  large  populations  of 
Myotis  velifer  may  be  important.  To  the  northeast,  the  Edwards  Plateau  is 
separated  by  the  coastal  plain  from  the  nearest  important  cave  regions,  the 
Ouachita  and  Ozark  districts  of  the  Carolinian  province,  which  may  ac¬ 
count  in  part,  at  least,  for  the  absence  of  eastern  species  of  Myotis  from  the 
plateau. 

Four  species  of  bats  that  are  transcontinental  in  distribution  have  never 
been  recorded  from  the  Edwards  Plateau,  or  they  are  scarce  and  limited  in 
distribution  there.  Two  of  these  ( Myotis  lucifugus  and  Eptesicus  fuscus )  ap¬ 
parently  do  not  occur  on  the  plateau,  although  the  latter  is  the  most  common 
bat  along  streams  in  the  Texas  Panhandle.  Another  species  ( Lasinrus  borealis) 
occurs  locally  in  the  eastern  half  of  the  plateau,  but  it  appears  to  be  absent 
from  the  western  half  and  from  Trans-Pecos  Texas.  This  tree  bat  is  one 
of  the  most  common  bats  of  the  Austroriparian  province  in  eastern  Texas. 
Another  species  ( Plecotus  rafinesquii)  has  been  recorded  from  the  western 
edge  of  the  plateau,  but  it  is  apparently  absent  from  most  of  this  region. 
This  species  is  fairly  common  in  the  Chihuahuan  province  to  the  west  of  the 
Edwards  Plateau,  and  it  occurs  in  the  Austroriparian  province  to  the  east. 
The  causes  for  the  apparent  hiatus  in  range  of  these  transcontinentally  dis¬ 
tributed  forms  on  the  Edwards  Plateau  cannot  be  presently  explained. 

SUMMARY 

Ten  species  of  bats  have  been  recorded  from  the  Edwards  Plateau  of 
central  Texas.  Four  species  are  transcontinental  in  distribution,  and  two 
of  these  occur  here  only  as  migrants.  Two  eastern  species  reach  their  west¬ 
ern  limits  on  the  plateau,  and  one  western  species  reaches  its  eastern  limit. 
Three  species  have  centers  of  distribution  in  Mexico,  and  two  of  these  com¬ 
prise  the  great  bulk  of  the  total  chiropteran  population  of  the  plateau.  In 
spite  of  its  apparently  suitable  environment  for  bats,  and  particularly  for 
cave  bats,  the  Edwards  Plateau  is  not  an  important  route  for  east-west  dis¬ 
persal  of  bats.  Four  transcontinentally  distributed  species  of  bats  are  ab¬ 
sent  from  the  Edwards  Plateau  or  have  discontinuities  of  range  there. 
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PATTERN  OF  DISTRIBUTION  OF  THE  WOOD-MOUSE 
IN  A  PART  OF  THE  TEXAS  PANHANDLE 

W.  A.  THORNTON  AND  HILMI  S.  AL-UTHMAN 
University  of  Texas 

The  pattern  of  distribution  of  mammalian  species  has  been  little  investi¬ 
gated,  although  it  is  theoretically  of  great  importance  in  its  effect  on  local 
differentiation.  The  pattern  of  distribution  of  the  wood-mouse  ( Peromyscus 
leucopus)  was  studied  in  a  limited  part  of  its  range  in  the  Texas  Panhandle 
in  June  and  July,  195  0.  It  occurs  widely  in  the  deciduous  forest  regions  of 
the  United  States,  as  well  as  in  the  plains  and  prairies  of  the  central  states. 
In  Texas,  the  wood-mouse  is  found  in  many  areas  of  the  Panhandle.  In  this 
region  the  mice  live  a  semi-arboreal  existance,  being  found  mainly  along 
the  streams  and  their  tributaries  wherever  the  flood-plains  support  a  fair 
growth  of  vegetation.  In  the  more  southern  part  of  the  state,  this  species  is 
widely  distributed  and  is  found  living  throughout  the  extensive  brush  areas 
covering  the  coastal  plain  (see  Blair,  1951). 

The  study  area  was  located  close  to  the  Canadian  River  in  Huchinson 
County  in  the  northern  part  of  the  Panhandle.  A  live  trapping  and  marking 
system  was  used  to  determine,  if  possible,  the  population  density  and  the 
distribution  of  these  mice.  Trapping  was  done  along  Bugbee  Creek,  an  inter¬ 
mediate  stream  which  empties  into  the  Canadian  River.  The  flora  along  this 
creek  is  typical  of  that  found  along  streams  in  other  areas  of  the  Panhandle. 
The  vegetation  on  the  sandy  soil  away  from  the  creek,  and  along  the  sides 
and  tops  of  the  sandstone  hills  in  the  area,  consists  chiefly  of  grasses  and 
thorny  brush.  Cottonwoods  ( Populus  sp.)  comprise  the  dominant  woody 
vegetation  on  the  flood-plains  along  both  sides  of  the  creek.  They  occur 
there  in  groves  of  from  five  to  20  or  more  trees.  A  few  individuals  were 
trapped  in  the  rocky,  sandstone  ravines  back  from  the  flood-plains,  where 
they  were  possibly  forced  through  population  pressure. 

During  the  periods  from  June  1 1  to  July  8  in  Hutchinson  County,  5  1 
wood-mice  (27  males  and  24  females)  were  trapped  and  marked  over  a 
period  of  26  nights  of  trapping.  A  total  of  100  traps  was  used.  The  live 
traps  were  fastened  to  the  trees  where  possible,  or  set  close  to  the  bases  of  the 
trees.  Fourteen  groves  along  both  sides  of  Bugbee  Creek  were  trapped.  The 
traps  were  set  each  evening  and  checked  each  morning. 

The  populations  within  each  grove  varied  from  no  individuals  trapped, 
to  14  individuals  (Table  I).  The  highest  number  of  marked  mice  was  found 
in  the  largest  grove  under  observation.  This  grove,  consisting  of  20  cotton¬ 
wood  trees,  was  also  the  site  of  our  camp.  Only  one  grove  (five  trees) 
contained  no  wood-mice. 

Fifteen  of  the  51  wood-mice  (five  adult  males,  seven  adult  females,  and 
three  juvenile  males)  were  captured  three  or  more  times  during  the  trapping 
period.  Eleven  wood-mice  were  recorded  twice  with  no  further  recaptures. 
Twenty-five  of  the  5 1  mice  were  trapped  once  and  never  recaptured.  The 
greatest  number  of  returns  for  one  individual  was  recorded  for  a  female 
mouse  recaptured  12  times.  She  was  first  taken  on  June  14  and  was  last 
recaptured  on  July  7.  All  captures  were  within  one  grove.  There  was  only 
one  case  recorded  of  a  marked  individual  leaving  its  original  grove  to  go  to 
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a  nearby  grove.  An  adult  female  was  captured  and  marked  on  June  6,  in 
a  grove  of  five  trees.  When  released  the  mouse  was  observed  to  run  up  the 
tree  upon  which  she  had  been  trapped.  The  next  and  final  recapture  occurred 
23  days  later,  on  June  29,  in  a  grove  of  three  trees  approximately  160  feet 
away.  There  were  no  cases  recorded  of  individuals  crossing  the  creek-bed  to 
go  to  groves  on  the  opposite  side. 

Several  of  the  marked  mice  were  found  to  move  within  their  groves 
from  10  to  as  much  as  50  feet.  Records  of  two  individual  mice  show  that 
they  moved  distances  of  approximately  12  5  feet  from  their  original  groves 
to  solitary  trees,  and  back  again  to  their  original  groves.  The  first  individual, 
an  adult  female,  was  recaptured  in  its  original  grove  of  five  trees  on  June 
24;  on  June  26,  this  mouse  was  recaptured  on  a  solitary  cottonwood  tree 
approximately  12  5  feet  away.  On  June  27  she  was  recaptured  again  in  the 
original  grove.  Recorded  in  the  grove  again  on  the  29,  the  female  was  recap¬ 
tured  on  the  solitary  cottonwood  tree  on  July  1.  The  last  recapture  of  the 
mouse  was  on  the  solitary  tree  on  July  8.  The  second  individual,  an  adult 
male  left  a  grove  of  six  trees  to  travel  to  a  solitary  cottonwood  tree. 
Recaptured  in  the  original  grove  on  June  22,  the  individual  was  next  re¬ 
corded  on  June  29  (seven  days  later)  on  a  solitary  cottonwood  approximately 
adult  male,  left  a  grove  of  six  trees  to  travel  to  a  solitary  cottonwood  tree. 
12  5  feet  from  the  grove.  On  June  30,  this  mouse  was  back  in  the  grove. 
The  next  and  last  recapture  on  July  4,  found  the  male  again  on  the  solitary 
cottonwood.  The  home  ranges  of  these  two  mice  evidently  included  solitary, 
outlying  trees  as  well  as  the  small  groves. 

The  traps  were  removed  from  the  groves  on  July  8,  and  trap  lines  were 
run  between  the  groves  for  three  nights  in  an  effort  to  catch  any  marked 
individuals  that  might  move  from  one  grove  to  another.  No  wood-mice  were 


TABLE  I 

The  number,  sex,  and  age  of  wood-mice  ( Peromyscus  leucopus )  trapped  and  marked 
in  12  cottonwood  groves  along  Bugbee  Creek,  Hutchinson  County,  Texas.  Each  tree 
represents  one  trap. 


Grove 

Cottonwood 

Trees 

Ad.  $ 

Ad.  $ 

Juv. 

I 

20 

7 

5 

1 

II 

5 

1 

2 

III 

6 

2 

2 

IV 

2 

1 

1 

V 

3 

1 

1 

VI 

5 

2 

2 

VII 

9 

1 

I 

1 

VIII 

9 

3 

3 

1 

IX 

7 

1 

1 

X 

9 

1 

1 

XI 

6 

2 

3 

XII 

8 

1 

1 

XIII 

6 

1 

XIV 

5 

100 

21 

23 

6 

Juv.  $ 


1 


1 
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trapped.  It  is  possible  that  young  mice  may  disperse  from  one  grove  to  an¬ 
other  as  they  reach  sexual  maturity,  but  no  such  evidence  was  found,  as  none 
of  the  seven  juvenile  mice  was  recorded  in  more  than  one  grove. 

The  pattern  of  distribution  within  a  species  population  should  have 
important  effects  on  geographic  variation.  The  more  isolated  one  local  popu¬ 
lation  is  from  another,  the  more  chance  it  has  to  develop  significant  differ¬ 
ences.  A  partial  isolation  will  be  enough  to  reduce  the  gene  flow  between 
these  populations  (Blair,  1950) .  In  the  Panhandle  the  wood-mice  were  found 
in  small  sub-populations  in  the  cottonwood  groves  along  the  streams  ex¬ 
amined  and  can  probably  be  found,  under  similar  ecological  conditions, 
throughout  the  Panhandle.  In  this  type  of  linear  distribution,  populations 
several  miles  apart  on  tributaries  feeding  the  same  stream  might  be  considered 
to  be  at  least  partially  isolated. 

A  dendritic  type  of  distribution,  such  as  that  found  in  the  wood-mouse 
in  the  Panhandle  area,  is  much  more  favorable  to  differentiation  than  is 
the  more  areally  continuous  distribution  of  this  species  in  the  brush  country 
of  south  Texas.  In  the  Panhandle,  the  populations  are  not  only  separated 
from  each  other  along  the  different  tributaries,  but  sub-populations  occur  in 
each  cottonwood  grove  along  these  tributaries.  Under  such  conditions,  as 
stated  by  Wright  (1943),  the  amount  of  both  adaptive  and  non-adaptive 
differentiation  depends  on  the  amount  of  immigration  per  generation.  It 
would  appear  that,  in  this  area  at  least,  the  linear  distribution  of  the  popu¬ 
lations,  with  sub-populations  in  the  cottonwood  groves,  would  tend  to  reduce 
the  amount  of  immigration  and  so  provide  for  greater  differentiation. 
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The  Rice  Institute  announces  the  establishment  of  the  Harry  Carothers 
Wiess  Chair  of  Geology.  This  Chair  was  made  possible  by  a  gift  of  $1,570.00 
by  Mrs.  Olga  Keith  Wiess  in  memory  of  her  husband,  the  late  Harry 
Carothers  Wiess,  formerly  Vice-Chairman  of  the  Board  of  Trustees  of  the 
Rice  Institute  and  member  of  the  Corporation  of  the  Massachusetts  Institute 
of  Technology.  He  was  also  a  Charter  Trustee  and  permanent  member  of 
the  Board  of  Princeton  University.  It  is  anticipated  that  the  Chair  will 
consist  of  a  full  professor  of  geology  and  two  associates,  and  will  devote  its 
attention  particularly  to  the  field  of  marine  geology.  It  is  hoped  that  the 
selection  of  some,  at  least,  of  this  faculty  will  be  made  in  time  to  begin 
classes  in  the  newly  established  division  in  September,  19  52. 
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THE  ECOLOGICAL  RELATIONSHIPS  OF  THE 
MAMMALS  OF  BRYAN  COUNTY,  OKLAHOMA 

W.  H.  McCARLEY 
University  of  Texas 

INTRODUCTION 

A  broad  ecotone  exisits  between  the  deciduous  forests  of  eastern  North 
America  and  the  grasslands  of  the  Great  Plains.  This  ecotone  is  of  par¬ 
ticular  ecological  and  zoogeographical  interest,  since  there  is  an  interdigita- 
tion  here  of  forests  and  grasslands.  This  interdigitation  of  grassland  and 
forest  associations  makes  the  region  an  excellent  one  in  which  to  study  the 
relationships  between  mammalian  distribution  and  distribution  of  vegetation 
types. 

Blair  (1938)  studied  the  ecological  relationships  of  the  mammals  in 
this  ecotone  in  northeastern  Oklahoma.  The  present  report  deals  with  a 
study  of  this  forest — grassland  ecotone  in  southern  Oklahoma,  some  200 
miles  south  of  the  area  studied  by  Blair.  This  report  concerns  the  first  at¬ 
tempt  to  intensively  collect  mammals  and  study  the  ecological  relationships 
of  the  mammals  of  this  part  of  Oklahoma.  The  work  was  arbitrarily  con¬ 
fined  to  a  political  unit,  Bryan  County. 

An  ecological  survey  of  the  plants  and  mammals  of  this  region  was 
made  between  June  1  and  July  15,  1949,  and  between  September  1  and 
September  15,  1949.  An  additional  six  days  were  spent  in  this  region  in  July 
of  1950. 

During  these  periods  a  total  of  3,53  5  trap  nights  were  accumulated. 
In  some  instances  it  was  either  impossible  or  impractical  to  actually  collect 
specimens  of  the  larger  mammals,  and  in  these  instances  sight  records,  made 
largely  by  myself  or  collected  from  reliable  sources,  have  been  used. 

During  this  study  127  specimens  of  mammals  were  preserved.  These 
are  deposited  chiefly  in  the  Texas  Natural  History  Collection  of  the  Uni¬ 
versity  of  Texas. 
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REGION  STUDIED 

Bryan  County  is  located  in  southeastern  Oklahoma  on  the  Texas  border. 
It  is  bounded  on  the  south  by  the  Red  River  and  on  the  west  by  Lake  Tex- 
oma.  The  northern  and  eastern  margins  are  political  in  nature.  The  county 
has  an  area  of  913  square  miles.  The  average  annual  rainfall  of  this  area  is 
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39.6  inches,  recorded  over  a  47  year  period  at  Durant  by  the  U.  S.  Weather 
Bureau.  The  average  annual  temperature  is  63.5  degrees  Fahrenheit,  recorded 
for  the  same  number  of  years  at  Durant. 

Bryan  County  lies  in  the  Osage  Savanna  biotic  district  of  Blair  and 
Hubbell  (  1938).  The  Osage  Savanna  biotic  district  is  a  part  of  the  Texan 
biotic  province  of  Dice  (1943)  and  Blair  (1950). 

ecological  associations* 

The  Texan  biotic  province  in  Oklahoma  is  an  area  of  general  transition  from  the 
eastern  deciduous  forests  to  the  grasslands  of  the  Great  Plains.  This  transition  area  is 
approximately  100  miles  wide,  and  in  Oklahoma  this  change  occurs  mostly  between 
the  Ozark  and  Ouachita  biotic  districts  on  the  east  and  the  Mixed-Grass  Plains  biotic 
district  on  the  west. 

Three  major  ecological  associations  occur  in  Bryan  County.  These  include  the 
postoak — blackjack  association,  the  tail-grass  prairie  association,  and  the  floodplain 
forest  association. 

POSTOAK — BLACKJACK  ASSOCIATION 

This  association,  together  with  the  tail-grass  prairie  association,  covers  the  greater 
part  of  Bryan  County.  The  topography  of  the  postoak — blackjack  association  is  hilly  as 
compared  with  the  area  as  a  whole.  Numerous  small  streams,  most  of  which  are  dry 
during  the  summer  months,  drain  this  association.  There  are  a  few  outcrops  of  sand¬ 
stone  in  this  association.  The  soil  is  invariably  a  reddish  sandy  loam,  underlain  with  a 
red  clay.  In  many  places  the  timber  has  been  cut,  and,  where  the  runoff  of  surface 
water  is  not  controlled,  erosion  has  cut  deep  gullies  and  ditches.  As  a  result  of 
unchecked  erosion,  many  areas  in  the  county  have  been  stripped  of  the  topsoil,  leaving 
the  red  clay  exposed. 

The  dominant  vegetation  of  this  association  is  postoak  ( Quercus  stellata ) ,  black¬ 
jack  oak  ( Quercus  marilandica) ,  and  a  scattering  throughout  of  hickory  {Cary a  buck- 
ley  i ) . 


O  O  O 


Postoak — blackjack 
association. 


Flood-plain  forest 
association  .. 

'Tail-grass  prairie 
assoc  iation. 


FIG.  1.  Occurrence  of  the  three 
ecological  associations  in  Bryan 
County,  Oklahoma. 


*The  term  association,  as  used  here  refers  to  all  of  the  plants  and  animals  occurring  together 
in  a  relatively  stable  environment  regardless  of  the  stage  of  ecological  succession. 
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This  association  has  been  disturbed  to  a  large  extent  by  man  so  that  several 
minor  communities  now  exist.  These  minor  communities  are  largely  areas  which  have 
been  cleared  of  timber  for  use  as  pasture  land.  Some  of  these  areas  which  have  been 
allowed  to  lie  unused  are  being  invaded  by  scrub  postoak  and  weeds. 

The  mammals  that  occur  in  this  association  are  shown  in  Table  I. 

TALL-GRASS  PRAIRIE  ASSOCIATION 

This  association  is  characterized,  in  its  original  condition,  by  gently  rolling 
grasslands. 

The  soil  of  this  association  is  much  more  compact  than  the  soils  of  the  other  two 
major  associations.  Figure  I  shows  three  areas  designated  as  tail-grass  prairie.  The  area 
in  the  northern  part  of  the  county  has  soil  that  is  very  black  and  that  has  a  few  out¬ 
crops  of  limestone.  This  section  of  the  prairie  has  soil  derived  from  the  Washita  group. 
The  two  areas  in  the  central  and  southern  part  of  the  county  designated  as  tail-grass 
prairie  have  soils  derived  from  the  Eagle  Ford  shale.  This  soil  is  lighter  in  color  than 
that  derived  from  the  Washita  group,  but  is  of  approximately  the  same  consistency. 
There  is  no  apparent  difference  in  the  vegetation  of  the  two  types  of  prairie,  for  both 
have  tall  and  mixed  grasses. 

The  dominant  vegetation  of  this  association  is  comprised  largely  of  grasses. 
Grasses  occurring  in  the  order  of  their  decreasing  abundance  include:  little  bluestem 
( Andropogon  scoparius) ,  beard  grass  ( Setaria  geniculata) ,  joint  grass  ( Manisurus 
cylindrical,  side-oats  grama  ( Bouteloua  curtipendula) ,  silver  beard  grass  ( Andropogon 
saccharoides) ,  and  paspalum  grass  ( Paspalum  floridanum) . 

The  mammals  that  occur  in  this  association  are  shown  in  Table  I. 

FLOODPLAIN  FOREST  ASSOCIATION 

This  association  is  the  least  extensive  of  the  three  major  associations.  Figure  I 
shows  this  association  along  only  the  southern  and  western  edges  of  the  county.  There 
are,  however,  numerous  smaller  areas  in  other  parts  of  the  county,  where  the  other 
associations  predominate,  which  could  easily  be  classed  as  floodplain  association. 
These  are  similar  to  the  areas  of  floodplain  shown  on  the  map,  but  they  are  too  small 
to  show  with  accuracy. 

The  soil  of  the  floodplain  forest  association  is  quite  variable,  ranging  from  a 
light,  sandy-colored  sandy  loam  to  a  dark  red  or  black  clay. 

The  dominant  vegetation  is  woody  with  a  understory  of  shrubs  and  a  ground 
cover  of  herbs.  In  the  undisturbed  areas,  pecan  (Cary a  pecan),  cottonwood  ( Populus 
deltoides) ,  red  oak  ( Quercus  ruba) ,  and  elm  ( Ulmus  americana)  are  the  present 
dominants,  listed  in  the  order  of  their  decreasing  abundance. 

The  mammals  that  occur  in  this  association  as  shown  in  Table  I. 

ANNOTATED  LIST  OF  MAMMALS 

This  list  gives  all  the  mammals  known  to  occur  in  Bryan  County.  There  has  been 
no  attempt  to  include  probable  species  which  were  not  collected  or  species  formerly 
present  but  now  extinct.  Locality  records  are  given  for  the  mammals  in  Bryan  County. 
There  are  very  few  data  concerning  the  taxonomy  of  the  species  although  the  position 
of  some  of  the  doubtful  geographic  races  is  discussed.  The  taxonomic  arrangement 
follows  Simpson  (1945). 

Didelphis  virginiana  virginiana  Kerr — Opossum — Records:  Albany,  3  miles  south; 
Bennington,  10  miles  southeast;  Cade.  4  miles  west;  Colbert,  Vi  mile  west;  Durant,  6 
miles  east. 

The  opossum  was  relatively  common  throughout  Bryan  County.  It  was  present 
in  all  three  of  the  major  associations.  Fiom  the  number  of  tracks  present  .in  the 
various  associations,  and  from  previous  observations,  it  was  apparent  that  this  species 
was  more  abundant  in  the  floodplain  forest  association  than  in  the  other  associations. 
Cryptotis  parva  (Say) — Little  Shrew — Records:  Colbert,  5  miles  north. 

Little  shrews  were  found  only  in  the  tail-grass  prairie  association.  Two  specimens, 
both  females,  were  caught  in  traps  on  the  same  night. 

Cryptotis  parva  occurs  in  two  color  phases;  gray  and  brown.  The  specimens  which 
I  have  are  in  the  brown  phase. 

Scalopus  aquaticus  pulcher  Jackson — Eastern  Mole — Records:  Colbert,  inside  city  limits; 
Yuba,  3  miles  southeast. 

Moles  occur  in  both  the  floodplain  forest  and  postoak — blackjack  associations. 
From  the  number  of  burrows  present  there  is  no  doubt  that  moles  were  most  abundant 
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TABLE  I 


Records  of  Mammals  from  the  Ecological  Associations  of  the  Osage  Savanna  Biotic 
District  of  Bryan  County,  Oklahoma.  The  symbol  x  indicates  sight  records  or  other 
evidence,  where  specimens  were  not  collected. 


Species  of  Mammals 

Records  from  Ecological  Associations 
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Didelphis  virginiana 

2 

1 

Cryptotis  parva 

2 

Scalopus  aquaticus 

2 

3 

Lasiurus  borealis 

1 

Dasypus  novemcinctus 

X 

X 

X 

Lepus  californicus 

2 

1 

Sylvilagus  floridanus 

2 

1 

2 

Sylvilagus  aquaticus 

1 

Sciurus  carolinensis 

1 

Sciurus  niger 
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1 

Citellus  tridecemlineatus 
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X 

Glaucomys  volans 
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Geomys  breviceps 
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Perognathus  hispidus 
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1 

Castor  canadensis 

X 

Oryzomys  palustris 

1 

Reithrodontomys  montanus 

22 

Peromyscus  maniculatus 

13 

4 

Peromyscus  leucopus 

11 

7 

Sigmodon  hispidus 
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1 

Neotoma  floridana 

4 

2 

Pitymys  nemoralis 

1 

Canis  latrans 

2 

Vulpes  fulva 

X 

X 

Urocyon  cinereoargenteus 

1 

1 

Procyon  lotor 

1 

1 

Mustela  vison 

X 

Mephitis  mephitis 

X 

X 

X 

Spilogale  putorius 

1 

1 

Felis  rufus 

X 

Odocoileus  virginianus 

X 

in  the  postoak — blackjack  association.  There  was  no  evidence  of  their  activity  in  the 
tail-grass  prairie. 

A  mole  taken  from  this  county  in  1939  by  W.  F.  Blair  has  been  assigned  to 
the  race  pulcher.  This  specimen  was  caught  in  the  floodplain  forest  association  in  allu¬ 
vial  loam.  Of  the  three  specimens  collected  by  myself,  one  is  the  same  color  as  Blair’s 
specimen.  The  other  two  are  somewhat  lighter  in  color  and  could  perhaps  be  assigned 
with  equal  justification  to  the  race  intermedins .  The  specimens  I  collected  were  caught 
in  the  postoak — blackjack  association,  which  has  soil  that  is  very  light  and  sandy 
in  some  areas.  The  edaphic  factor  may  account  for  th  difference  in  pelage  color 
through  selection  by  predators. 

Lasiurus  borealis  borealis  (Muller) — Red  Bat— -Records :  Yuba,  3  miles  southeast. 

The  red  bat  has  been  recorded  only  from  the  floodplain  forest  association  but 
undoubtedly  occurs  throughout  the  county. 


106 


The  Texas  Journal  of  Science 


1952,  No.  1 
March  30 


Bats  of  any  species  were  particularly  noticeable  by  their  absence  during  the  time 
1  was  in  the  field.  A  bat  smaller  than  Lasiurus  was  observed  feeding  around  the  flood¬ 
lights  of  a  boat  dock  on  Lake  Texoma,  five  miles  west  of  Colbert. 

The  absence  of  caves  in  the  region  may  be  partially  responsible  for  the  scarcity 
of  bats,  although  in  previous  years  I  have  observed  them  in  larger  numbers.  There 
may  be  other  species  of  bats  present,  but  I  have  no  record  of  them. 

Dasypus  novemcintus  texanus  (Bailey) — Armadillo — Records:  Bennington,  10  miles 
southeast;  Colbert,  7  miles  southeast;  Durant,  inside  city  limits. 

The  armadillo  has  been  recorded  from  all  three  of  the  major  associations  in  the 
county.  This  past  summer  ( 1949 )  was  the  first  time  that  there  was  any  indication 
that  the  armadillo  was  establishing  itself  as  a  permanent  resident.  Up  until  this  time 
all  of  the  armadillos  seen  in  the  region  were  probably  artificially  transported  into  the 
community  or  adult  armadillos  that  were  temporary  migrants. 

Lepus  calif  ornicus  melanotis  Mearns — Jackrabbit — Records:  Albany,  3  miles  north; 
Bennington,  7  miles  south;  Caddo,  3  miles  east;  Colbert,  1  mile  west,  5  miles  north. 

All  of  the  above  records  were  made  in  the  tail-grass  prairie  and  postoak — blackjack 
associations.  Jackrabbits  occurred  in  the  postoak — blackjack  association  only  where  the 
timber  had  been  cleared. 

Sylvilagus  floridanus  alacer  (Bangs) — Cottontail  Rabbit — Records:  Cade,  4  miles  west. 
Numerous  sight  records  throughout  the  county. 

Cottontails  were  seen  in  all  three  of  the  major  associations.  The  largest  population 
that  was  observed  was  in  the  tail-grass  prairie  association,  four  miles  west  of  Cade. 

In  the  postoak — blackjack  and  floodplain  forest  associations;  they  occurred  in 
both  the  timbered  areas  and  the  cleared  fields. 

Sylvilagus  aquaticus  aquaticus  (Bachman) — Swamp-rabbit — Records:  Bennington,  11 
miles  southeast;  Colbert,  5  miles  southwest.  (All  of  the  above  records  are  sight 
records.) 

Swamp-rabbits  were  present  only  in  the  floodplain  forest  association. 

Sciurus  carolinensis  carolinensis  Gmelin. — Gray  Squirrel — Records :  Bennington,  1 1 
miles  southeast. 

Gray  squirrels  were  formerly  found  in  the  floodplains  throughout  the  county,  but 
at  present  their  range  has  diminished  until  they  occupy  only  the  eastern  part  of  the 
county.  One  female  specimen  was  collected  from  the  floodplain  of  White  Grass 
Creek  in  the  southeastern  part  of  the  county.  Gray  squirrels  were  quite  abundant  in 
this  locality,  where  four  were  sighted  in  less  than  one  hour  just  after  sunrise.  They 
were  all  in  the  trees  and  showed  no  indication  of  coming  to  the  ground.  Gray  squirrels 
are  reported  to  be  present  on  the  floodplains  of  the  Boggy  River  in  the  extreme 
northeastern  part  of  the  county. 

In  this  region  the  habitat  of  the  gray  squirrel  does  not  coincide  with  that  of  the 
fox  squirrel.  From  my  observations  for  the  last  12  years,  it  is  evident  that  the  fox 
squirrel  is  extending  its  range  into  areas  formerly  occupied  by  the  gray  squirrel.  It 
seems  most  likely  that  the  gray  squirrels  are  retreating  due  to  the  destruction  of  their 
preferred  lowland-forest  habitat. 

Sciurus  niger  rufiv enter  Geoffroy — Fox  Squirrel — Records:  Colbert,  6  miles  west,  5 
miles  southwest. 

Fox  squirrels  were  present  in  the  postoak — blackjack  and  floodplain  forest  associa¬ 
tions. 

Citellus  tridecemlineatus  texensis  (Merriam) — Thirteen-lined  Spermophile- — Records: 
Colbert,  4  miles  southwest,  mile  west,  5  miles  north. 

The  thirteen-lined  spermophile  was  present  in  the  postoak — blackjack  and  tail- 
grass  prairie  associations,  but  the  colonies  were  very  scattered. 

Glaucomys  volans  saturatus  Howell — Flying  Squirrel — Records:  Colbert,  5  miles 
southwest,  3  miles  north. 

Flying  squirrels  are  strictly  nocturnal  and  for  that  reason  are  very  seldom  seen. 
Observation  would  indicate  that  they  occur  in  the  postoak — blackjack  and  floodplain 
forest  associations  in  approximately  equal  abundance. 

Geomys  breviceps  dutcheri  Davis — -Pocket-gopher — -Records:  Colbert,  inside  city 
limits,  5  miles  southwest. 

Gophers  occurred  in  the  postoak — blackjack  and  floodplain  forest  associations. 
The  number  of  mounds  present  indicates  that  they  were  more  numerous  in  the 
postoak — blackjack  association  than  they  were  in  the  floodplain  forest  association. 
Perognathus  hispidus  spilotus  Merriam — Plains  Pocket-mouse — Records:  Colbert,  5 
miles  north,  2  miles  west,  14  mile  west. 
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The  pocket-mouse  is  one  of  the  less  common  mammals  of  this  region.  These  mice 
are  not  numerous  in  any  one  locality.  Only  three  were  caught  in  2,175  trap  nights  in 
localities  where'  they  were  to  be  expected.  One  adult  and  a  juvenile  were  caught  in 
the  postoak- — blackjack  association,  and  one  adult  was  caught  in  the  tail-grass  prairie 
association.  The  adult  which  was  caught  in  the  postoak — blackjack  association  was 
found  in  postoak  timber  in  a  locality  which  also  had  wood-mice,  wood  rats,  and  pine 
voles.  The  adult  pocket-mouse  caught  in  the  prairie  association  was  in  the  edge  of 
some  small  timber  which  borders  a  small  creek  in  the  area.  For  these  reasons  I 
believe  that,  in  this  region,  the  pocket-mouse  occasionally  ranges  into  the  open  timbered 
areas. 

Castor  canadensis  Linnaeus — Beaver — Records:  Colbert,  7  miles  west. 

This  semi-aquatic  species  is  present  in  the  floodplain  forest  association  of  Bryan 
County.  There  are  at  least  two  colonies  in  the  county.  The  largest  colony  is  on  the 
Blue  River,  immediately  south  of  Armstrong.  The  number  of  beavers  in  this  colony 
was  undetermined.  Another  colony  has  established  itself  on  the  Red  River  arm  of 
Lake  Texoma,  seven  miles  west  of  Colbert.  Originally  there  were  only  two  beavers 
he're.  This  was  in  1945.  At  the  present,  although  they  have  moved  their  homesite 
some  500  yeards  from  the  original  position,  there  are  five  beavers  present,  two  of 
them  definitely  sub-adults. 

Oryzomys  palustris  texensis  Allen — Rice-rat — Records:  Colbert,  5  miles  north. 

The  only  previous  record  of  the  rice-rat  from  Oklahoma  is  from  the  Mississippi 
biotic  district,  15  miles  southeast  of  Broken  Bow  (Whitaker,  1937). 

One  male  in  non-breeding  condition  was  caught  five  miles  north  of  Colbert. 
This  specimen  was  taken  in  a  tail-grass  prairie  of  little  bluestem  ( Andropogon 
scoparius ) ,  beard  grass  ( Setaria  geniculata) ,  and  side-oats  grama  ( Bouteloua  curti- 
pendula) .  It  was  caught  about  25  yards  from  a  nearly  dry  stock  pond,  which  was  the 
most  permanent  supply  of  water  present. 

Reithrodontomys  montanus  griseus  Bailey — -Gray  Harvest-mouse-— Records :  Colbert,  5 
miles  north. 

Harvest-mice  were  caught  at  only  one  locality  in  the  county.  This  was  in  the 
tail-grass  prairie  association  north  of  Colbert.  Here,  they  were  the  most  abundant  small 
mammal. 

The  abundance  of  these  mice  is  shown  by  the  capture  of  22  harvest-mice  in  840 
trap  nights. 

Peromyscus  maniculatus  pallescens  (Allen) — Deer-mouse— Records :  Colbert,  5  miles 
north.  6  miles  northwest,  *4  mile  west. 

Deer-mice  were  collected  in  the  postoak — blackjack  and  tail-grass  prairie  associations. 
In  the  former  they  were  found  only  in  cleared  fields. 

This  species  is  referred  to  the  race  pallescens,  because  it  more  nearly  fits  the 
description  given  for  this  race  than  for  any  other.  The  average  measurements  of 
eieht  adult  speciments  collected  are:  Total  length,  128  mm.;  length  of  tail  vertebrae, 
49.8  mm.;  length  of  hind  foot,  17.4  mm.;  length  of  ear  from  notch  to  apex,  14..1 
mm.  The  average  measurement  of  nine  adult  topotypes  of  pallescens  are:  total  length, 
126  mm.;  length  of  tail  vertebrae.  51  mm.;  length  of  hind  foot,  16  mm.;  length  of  ear 
from  notch  to  apex  (measured  dry),  11.7  mm.  (Osgood,  1909). 

Of  the  eight  specimens  collected  in  Bryan  County,  three  approach  the  race 
ozarkianum,  and  this  fact  would  seem  to  indicate  that  this  region  is  an  area  of  inter¬ 
gradation  between  the  races  pallescens  and  ozarkiarium. 

This  is  a  new  state  locality  record  for  this  race.  It  is  comparatively  rare,  having 
been  taken  from  only  five  other  localities,  all  in  Texas  (Osgood.  1909,  Flury,  1949). 
The  nearest  Texas  locality  is  Gainesville,  Cooke  County,  Texas,  fifty  miles  southwest  of 
Colbert. 

Peromyscus  leucopus' leucopus  (Rafinesque)— Wood-mouse — -Records:  Bennington,  10 
miles  southeast;  Colbert,  5  miles  southwest, .  Vi  mile  west,  2  miles  west,  5  miles  north. 

The  wood-mouse  was  relatively  abundant  in  Bryan  County,  and  occurred  in 
the  postoak — blackjack  and  floodplain  forest  associations.  It  was  occasionally  found  in 
the  grasslands  with  Peromyscus  maniculatus. 

An  interesting  color  variation  is  exhibited  bv  the  specimens  of  wood-mice  from 
this  area.  They  show  three  definite  color  phases.  Specimens  from  the  extreme  eastern 
part  of  the  county  are  much  more  ochraceous  in  color  than  specimens  from  other 
areas.  The  soil  from  which  they  were  collected  is  very  red  in  color.  The  specimens 
from  the  floodplains  and  tail-grass  prairies,  where  the  soil  is  black  or  dark  with 
humus,  have  a  grayer  appearance.  The  specimens  from  around  Colbert,  in  the  postoak — 
blackjack  association,  which  has  soil  intermediate  in  color  between  that  of  the  eastern 
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part  of  the  county  and  the  prairies  and  floodplains,  exhibit  an  intermediate  color.  This 
difference  in  color  is  so  marked  that  the  specimens  may  be  separated  as  to  soil  types 
by  sight  alone. 

Sigmodon  hispidus  texianus  (Audubon  and  Bachman) — Cotton-rat — Records:  Colbert, 
5  miles  north,  2  miles  west,  5  miles  southwest,  mile  west. 

Cotton-rats  were  present  in  all  the  major  associations  throughout  the  county.  They 
were  very  common,  especially  in  abandoned  fields  which  have  grown  up  in  scrub 
postoak  and  weeds. 

Neotoma  floridana  osagensis  Blair — Eastern  Wood  Rat — Records:  Bennington,  10 
miles  southeast;  Colbert,  5  miles  southwest,  f/2  mile  west,  5  miles  north. 

Wood  rats  were  collected  in  the  postoak — blackjack  and  floodplain  forest  associa¬ 
tions.  This  species  was  collected  in  the  tail-grass  prairie  association  but  only  in  the 
timber  which  follows  the  small  streams.  In  the  floodplain  forest  and  postoak— 
blackjack  associations  they  were  very  common  and  occurred  wherever  there  was  suitable 
cover. 

I  have  referred  these  wood  rats  to  the  race  osagensis  as  they  more  nearly  resemble 
that  race  than  any  other.  My  specimens  are  somewhat  paler  in  color  than  a  specimen 
from  Osage  County,  Oklahoma,  but  in  other  respects  they  follow  the  description  of  the 
type  specimen  (Blair  1939b). 

Pitymys  nemoralis  (Bailey) — Pine  Vole — Records:  Colbert,  2  miles  west. 

This  species  apparently  is  one  of  the  rarest  mammals  in  the  county.  It  was  found 
in  the  postoak — blackjack  association,  and  only  one  specimen  was  taken  in  160  trap 
nights  in  this  locality.  Blair  (1939a),  reports  that  in  northeastern  Oklahoma  this 
species  is  quite  abundant  in  the  floodplain  forests. 

Canis  latrans  subspecies — Coyote — Records:  Albany,  2  miles  north;  Calera,  4  miles 
west;  Colbert,  5  miles  east. 

There  is  some  question  as  to  whether  or  not  all  of  the  feral  Canis  in  Bryan 
County  are  coyotes  or  perhaps  red  wolves  ( Canis  niger  rufus ) . 

I  have  two  adult  skulls  of  Canis  from  Bryan  County,  both  of  which  fit  the 
description  for  the  coyote  ( Canis  latrans).  However  I  have  a  skin  from  a  juvenile 
Canis  which  appears  to  be  that  of  the  red  wolf. 

According  to  Young  and  Goldman  (1944),  there  are  no  entirely  dependable 
characters  distinguishing  in  all  cases  small  skulls  of  the  red  wolf  from  large  skulls  of 
the  coyote. 

There  are  some  very  reliable  sight  records  made  by  men  who  know  the  difference 
between  coyotes  and  red  wolves,  who  state  that  the  red  wolf  is  now  present,  occurring 
in  several  color  phases. 

For  these  reasons  I  feel  that  probably  both  species  are  present  in  this  region. 
Vulpes  fulva  (Desmarest) — Red  Fox — Records:  Colbert,  2  miles  north;  Durant,  9 
miles  west. 

I  have  seen  the  red  fox  in  the  postoak — blackjack  and  floodplain  forest  associations. 
It  was  possibly  present  in  the  tail-grass  prairie  association,  but  no  evidence  of  it  was 
found  there. 

Urocyon  ciner  e  oar  gent  eus  ocythous  Bangs — Gray  Fox — Records:  Colbert,  3  miles 
northwest;  Durant,  8  miles  west. 

In  this  region  the  gray  fox  is  more  numerous  than  the  red  fox.  Sight  records 
indicate  that  this  fox  occurs  in  the  postoak — blackjack  and  floodplain  forest  associa¬ 
tions. 

One  specimen  was  collected  from  the  postoak — blackjack  association,  and  exami¬ 
nation  of  the  stomach  showed  that  this  individual  had  been  feeding  almost  entirely 
on  grasshoppers. 

Procyon  lotor  hirtus  Nelson  and  Goldman — Raccoon — Records :  Colbert,  6  miles  west, 
5  miles  southwest;  Bennington  10  miles  southeast.  All  records  are  track  records. 

Track  records  indicate  that  this  wide-ranging  species  is  present  in  the  postoak — 
blackjack  and  floodplain  forest  associations. 

Mustela  vison  mink  Peale  and  Beauvois — Mink — Records:  Bennington,  10  miles 
southeast;  Caddo,  3  miles  south;  Colbert,  5  miles  southwest.  All  of  these  records  are 
sight  and  track  records. 

Sight  and  track  records  indicate  that  the  mink  is  present  in  only  the  floodplain 
forest  association. 

Spilogale  putorius  interrupta  (Rafinesque) — Prairie  Spotted-Skunk — Records:  Colbert, 
1  mile  north. 
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The  only  recent  record  that  I  have  for  this  species  is  of  one  male  specimen  taken 
the  night  of  April  16,  1949,  in  an  ecotone  between  the  tail-grass  prairie  and  the 
postoak — blackjack  associations. 

Mephitis  mephitis  mesomelas  Lichtenstein- — Eastern  Skunk — Records:  Caddo,  3  miles 
south;  Colbert,  5  miles  southwest,  1  mile  east.  All  of  these  records  are  sight  records. 

Striped  skunks  were  recorded  from  all  three  of  the  major  associations.  I  have 
noted  as  many  as  six  young  in  a  litter,  all  traveling  with  the  female. 

Pelis  rufus  subspecies  (Schreber) — Bobcat — Records:  Cade,  6  miles  northeast. 

If  the  bobcat  is  still  present  in  Bryan  County  it  occurs  in  very  small  numbers. 
Mr.  J.  Folsom  of  Cade,  Oklahoma  told  me  that  there  are  a  few  still  present  in  the 
northeastern  part  of  the  county.  This  is  on  the  floodplain  of  the  Boggy  River  and 
the  area  is  sparsely  populated.  Up  until  a  few  years  ago  bobcats  were  present  on  the 
floodplain  of  the  Red  River,  south  of  Albany,  but  there  are  no  recent  reports  of  the 
species  in  that  locality. 

Odocoileus  virginianus  subspecies  (Buddaert) — White-tailed  Deer — Records:  Benning¬ 
ton,  15  miles  southeast. 

The  white-tailed  deer  has  not  been  present  in  the  county  in  recent  years  except 
for  an  occasional  straggler.  Within  the  last  two  years,  however,  a  small  herd  has  been 
introduced  and  has  established  itself  in  the  floodplain  forest  and  postoak — blackjack 
associations  in  the  extreme  southeastern  part  of  the  county.  According  to  Mr.  Jeff 
Sparger,  local  Game  Ranger,  these  deer  originally  came  from  a  game  reservation  near 
Bonham,  Texas.  They  have  raised  several  fawns  in  their  present  locality.  The  exact 
number  of  deer  present  is  not  known,  but  it  is  believed  that  there  are  approximately 
seven. 

GENERAL  ECOLOGICAL  RELATIONSHIPS  OF  AREA 

Bryan  County  lies  in  an  area  which  is  an  extensive  ecotone  between  the  eastern 
deciduous  forests  and  the  Great  Plains  grasslands  to  the  west.  This  ecotone  occupies 
an  area  some  100  miles  wide  extending  from  northern  Oklahoma  to  the  Gulf  of 
Mexico  in  Texas.  This  intermediate  area  is  characterized  by  the  interdigitation  of 
prairies  and  strips  of  deciduous  forest. 

Ecological  associations  which  are  related  to  the  eastern  deciduous  forest  and  the 
Great  Plains  grasslands  occur  in  Bryan  County.  The  postoak — blackjack  and  flood- 
plain  forest  associations  are  related  to  ecological  associations  found  in  the  eastern 
United  States.  The  tail-grass  prairie  association  is  included  in  an  extensive  strip  of 
tail-grass  prairie  that  extends  along  the  margin  of  the  eastern  deciduous  forest  from 
the  Texas  coast  to  Indiana  (Weaver  and  Clements,  1938).  This  association  is  more 
closely  related  to  the  mixed-grass  plains  to  the  west  than  it  is  to  the  eastern  forests.  The 
prairie  association  is  the  most  xeric  association  present  in  the  county. 

The  postoak — blackjack  association  is  considered  the  climax  vegetation  in  this 
region  by  Clements  and  Shelford,  (1947).  The  postoak,  blackjack  and  hickory,  which 
are  the  most  important  dominants  in  this  association,  persist  on  areas  of  sandy  soil. 
The  sandy  soil  retains  moisture  much  better  than  do  the  limestone-derived  soils 
of  this  region. 

The  tail-grass  prairie  association  represents  a  sub-climax  community  in  this 

region,  existing  on  the  limestone  and  shale  derived  soils  of  the  area  (Weaver  and 

Clements,  1938).  In  considering  the  tail-grass  prairie  as  a  sub-climax  I  am  follow¬ 
ing  Weaver  and  Clements,  but  it  would  seem  that  the  tall  grass  represents  a  climax 
for  the  type  of  soil  on  which  it  now  exists. 

The  floodplain  forest  association  is  the  most  mesic  association  in  the  area.  This 
forest  occurs  on  deep  alluvial  soil  and  consequently  has  more  water  available  for 
plant  growth  than  do  the  other  associations.  It  would  follow  that  so  long  as  the  streams 
remain  to  supply  the  necessary  water,  the  floodplain  forest  will  also  maintain  its 
mesic  characteristics. 

The  major  factor  controlling  the  local  occurrence  of  vegetation  in  the  area  is 

the  type  of  soil  involved.  This  edaphic  factor  largely  determines  what  type  of  vegeta¬ 

tion  will  occur  in  any  given  place.  The  moisture  content  of  the  limestone  and  shale 
soils  is,  on  the  average,  lower  than  that  of  the  sandy  soils.  This  is  due  to  the  com¬ 
paratively  shallower  depth  and  smaller  soil  particles  of  the  limestone  and  shale  soils. 
The  small  size  of  soil  particles  increases  capillary  action. 

The  varied  edaphic  conditions  in  the  region  result  in  a  considerable  amount 
of  interdigitation  among  the  associations.  Forests  occur  on  sandy  soils,  and  prairies 
exist  on  limestone  or  shale  soils.  This  intedigitation  results  in  a  mosaic  of  eastern 
and  western  associations  in  the  area, 
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Since  Bryan  County  occupies  an  intermediate  oosition  between  the  eastern  deci¬ 
duous  forests  and  the  Great  Plains  grasslands,  and  the  individual  associations  tend 
to  maintain  their  distinguishing  characteristics,  this  area  is  not  definitely  referable  to 
either.  The  region  could  theoretically  be  assigned  to  the  eastern  deciduous  forest  since 
the  postoak — blackjack  association  represents  the  climax  vegetation  of  the  region.  It 
seems  doubtful  however,  that  the  postoak — blackjack  forest,  considered  to  be  the 
regional  clmiax  would  ever  take  over  the  areas  now  occupied  by  tail-grass  prairie. 

BIOGEOGRAPHICAL  RELATIONS  AND  ECOLOGICAL 
DISTRIBUTION  OF  THE  MAMMALS 

Thirty-one  species  of  mammals  have  been  recorded  from  Bryan  County.  Twelve 
of  these  species  have  the  eastern  deciduous  forest  as  their  area  off  greatest  abundance. 
Four  species  reach  their  greatest  abundance  in  the  Great  Plains  grasslands  to  the 
west.  Five  species  are  characteristic  of  the  Gulf  Coastal  Plain.  Ten  species  are  wide¬ 
spread  over  the  United  States. 

Five  of  the  12  eastern  forest  forms  are,  in  Bryan  County,  confined  to  the 
postoak — blackjack  and  floodplain  forest  associations.  These  species  are: 

Didelphis  virginiana  Glaucomys  volans 

Sciurus  carolinensis  Pitymys  nemoralis 

Sciurus  niger 

In  this  region,  the  opossum  ( Didelphis  virginiana) ,  gray  squirrel  ( Sciurus 
carolinensis) ,  fox  squirrel  ( Sciurus  niger),  and  flying-squirrel  ( Glaucomys  volans) 
are  semi-arboreal  in  habit.  The  pine  vole  ( Pitymys  nemoralis)  is  confined  to  the 
forest  floor. 

The  little  shrew  ( Cryptotis  parva)  occurs  principally  in  the  grasslands  of  this 
region.  Six  eastern  deciduous  forest  species  occur  in  both  forest  and  grassland  associa¬ 
tions  in  Bryan  County  and  these  species  extend  their  ranges  beyond  the  western 
limits  of  the  forest  associations.  These  species  are: 

Scalopus  aquations  Neotoma  floridana 

Sylvilagus  floridanus  Spilogale  putorius 

Peromyscus  leucopus  Odocoileus  virginianus 

The  presence  or  absence  of  the  mole  ( Scalopus  aquations)  is  determined  largely 
by  the  character  of  the  soil.  This  fossorial  species  requires  loose  sandy  soil  to  facilitate 
easy  digging.  This  species  extends  out  into  the  Great  Plains  farther  than  does  the 
lowland  forest  (Blair  1938).  The  wood-mouse  ( Peromyscus  leucopus)  occurs  princi¬ 
pally  in  the  postoak — blackjack  association  but  is  also  found,  to  a  lesser  extent,  in  the 
grassland  associations  in  the  county.  West  of  the  Great  Plains  the  species  occurs  in 
brush  and  forest  associations  (Blair  1938).  The  woodrat  (Neotoma  floridana)  occurs 
in  wooded  areas  in  this  region.  This  species  of  wood  rat  apparently  does  not  extend 
its  range  beyond  the  western  limits  of  the  eastern  deciduous  forest,  in  Oklahoma.  The 
cottontail  ( Sylvilagus  floridanus)  is  most  abundant  in  the  forest  associations  but  is 
frequently  found  in  the  tail-grass  prairie. 

Five  species  in  the  county  reach  their  greatest  abundance  in  the  Gulf  Coastal 
Plain  to  the  south.  They  are: 

Dasypus  novemcinctus  Oryzomys  palustris 

Sylvilagus  aquations  Sigmodon  hispidus 

Geomys  breviceps 

The  pocket-gopher  ( Geomys  breviceps)  occurs  in  this  area  in  the  floodplain 
forest  and  postoak — blackjack  associations.  This  species  is  limited  in  its  distribution 
by  edaphic  conditions,  being  found  only  where  the  soil  is  loose  enough  for  easy 
digging.  The  rice-rat  ( Oryzomys  palustris)  is  usually  found  in  marshy  or  wet  locali¬ 
ties.  Only  one  rice-rat  was  collected  in  this  county.  This  animal  was  caught  in  the 
tail-grass  association,  quite  some  distance  from  any  permanent  water  supply.  Cotton-rats 
(Sigmodon  hispidus)  are  very  abundant  in  this  area.  The  species  occurs  in  all  three 
of  the  major  associations,  but  it  reaches  its  greatest  abundance  in  abandoned  fields  in 
the  postoak — blackjack  association.  Swamp-rabbits  (Sylvilagus  aquations)  occur  in 
this  region  only  in  the  floodplain  forest  association.  The  armadillo  (Dasypus  novem¬ 
cinctus)  is  very  rare  in  this  region. 

All  of  the  Gulf  Coastal  Plains  species,  with  the  exception  of  the  rice-rat  and 
armadillo  actually  range  northward  through  this  region  and  have  been,  recorded  from 
Northern  Oklahoma  (Blair  1938). 
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Four  of  the  species  occurring  in  Bryan  County  reach  their  greatest  abundance 
in  the  Great  Plains  grasslands.  These  species  are: 

Lepus  calif  ornicus  Reithrododontomys  monianus 

Citellus  tridecemlineatus 
Perognathus  hispidus 

The  thirteen-lined  spermophile  {Citellus  tridecemlineatus )  is  found  in  the  tail- 
grass  prairie  and  in  open,  sparsely  vegetated  fields  in  the  postoak — blackjack  associa¬ 
tion.  The  pocket-mouse  ( Perognathus  hispidus)  was  found  in  both  the  postoak — 
blackjack  and  tail-grass  prairie  associations.  Harvest-mice  ( Reithrodontomys  montanus ) 
were  recorded  only  from  the  tail-grass  prairie  association  of  this  region.  The  jack- 
rabbit  ( Lepus  calif ornicus)  is  a  wide  ranging  species,  reaching  its  greatest  abundance 
in  the  western  plains.  This  species  occurs,  in  this  region,  in  the  tall -grass  prairie 
association  and  in  cleared  fields  from  which  the  postoaks  and  blackjacks  have  been 
removed. 

Ten  species  occur  in  this  region  that  are  widely  distributed  over  North  America. 
These  species  are: 

Lasiurus  borealis  Urocyon  cinereoargenteus 

Castor  canadensis  Procyon  lotor 

Peromyscus  maniculatus  Mustela  vison 

Canis  latrans  Mephitis  mephitis 

Vulpes  fulva  Felis  rufus 

The  red  bat  ( Lasiurus  borealis )  is  an  inhabitant  of  the  forest  association  of 
this  region,  but  ranges  widely  over  the  area.  The  raccoon  ( Procyon  lotor)  is  chiefly 
an  inhabitant  of  the  floodplain  forest  association  of  this  region  but  ranges  into  the 
other  associations  when  suitable  denning  spots  are  present.  The  striped  skunk 
(. Mephitis  mephitis)  ranges  widely  over  North  America.  In  Bryan  County,  this  species 
is  found  in  all  three  of  the  major  associations.  Coyotes  ( Canis  latrans)  are  wide 
ranging  in  their  habits  but  occur  chiefly  in  the  tall  grass  prairie  association.  Deer-mice 
( Peromyscus  maniculatus)  are  found  in  the  tail-grass  prairie  and  postoak — blackjack 
associations.  In  the  postoak — blackjack  association  they  are  found  only  in  the  cutover 
areas. 

Twenty  species  of  mammals  were  recorded  from  the  postoak — blackjack  associa¬ 
tion.  Nine  (45%)  of  these  are  species  that  reach  their  greatest  abundance  in  the 
eastern  deciduous  forest.  Five  (25%)  are  species  that  are  wide-spread  in  their 
distribution,  occurring  over  most  of  North  America.  Three  (15%)  of  these  are  species 
that  reach  their  greatest  abundance  in  the  mixed-grass  plains  to  the  west.  In  the 
postoak — blackjack  association  those  species  which  are  typically  western  grassland 
forms  occurred  only  in  areas  that  have  been  cleared  of  timber.  Since  45%  of  the 
species  found  in  the  postoak — -blackjack  association  are  typically  eastern  deciduous 
forest  forms  and  only  15%  are  western  grass-land  forms,  this  association  is  more 
eastern  than  western  in  its  faunal  affinities. 

Twenty-one  species  were  recorded  from  the  floodplain  forest  association.  Nine 
(42.8%)  of  these  are  species  that  are  eastern  forest  forms.  Eight  (38.2%)  of  these 
are  species  that  are  widespread  over  the  greater  part  of  North  America.  Four  (19%) 
of  these  are  species  that  are  Gulf  Coastal  Plains  forms.  No  western  grassland  forms 
occurred  in  the  floodplain  forest  association  and  since  42.8%  of  the  species  present  are 
eastern  forest  forms  this  association  is  more  eastern  in  its  faunal  affinities  than  it 
is  western. 

Thirteen  species  were  recorded  fiom  the  tail-grass  prairie  association.  Three 
(23.2%)  of  these  are  species  that  reach  their  greatest  abundance  in  the  eastern 
deciduous  forest.  Three  (23.2%)  of  these  are  species  that  are  widespread  in  their 
distribution,  occurring  over  most  of  North  America.  Three  (23.2%)  of  these  are 
Gulf  Coastal  Plains  forms.  Four  (30.5%)  of  these  are  species  that  reach  their 
greatest  abundance  in  the  mixed-glass  plains  to  the  west.  Since  30.5%  of  the  species 
occurring  in  this  association  are  western  grassland  forms  and  only  23.2%  are  eastern 
forest  forms,  this  association  is  more  western  in  its  faunal  affinities  than  it  is  eastern. 

SUMMARY 

A  broad  ecotone  exists  between  the  deciduous  forest  of  eastern  North 
America  and  the  grasslands  of  the  Great  Plains.  This  report  deals  with  the 
ecological  relationships  of  the  mammals  in  the  southern  part  of  this  ecotone 
in  Bryan  County,  Oklahoma. 
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Bryan  County  lies  in  the  Osage  Savanna  biotic  district  of  Blair  and 
Hubbell,  (  1938),  and  is  a  part  of  the  Texan  biotic  province  of  Dice,  (1943). 

Since  Bryan  County  occupies  a  position  intermediate  between  the  eastern 
deciduous  forest  and  the  grasslands  of  the  Great  Plains,  it  would  be  expected 
to  be  an  area  of  intergradation  and  interdigitation  between  eastern  and 
western  faunal  and  floral  elements. 

Three  major  ecological  associations  are  present  in  Bryan  County:  the 
postoak — blackjack  association,  the  tail-grass  prairie  association,  and  the 
floodplain  forest  association.  The  postoak — blackjack  timber  represents  the 
regional  climax. 

Thirty-one  species  of  mammals  were  recorded  from  Bryan  County. 
Twelve  (39%)  of  these  species  reach  their  greatest  abundance  in  the  eastern 
deciduous  forest.  Four  (13%)  of  the  species  reach  their  greatest  abundance 
in  the  mixed-grass  plains  to  the  west.  Five  (17%)  of  the  species  reach  their 
greatest  abundance  in  the  Gulf  Coastal  Plain  to  the  south.  Ten  (31%)  of 
the  species  are  wide-spread  over  North  America. 

Of  the  31  species  of  mammals  present  in  Bryan  County,  20  (64.5%) 
were  recorded  from  the  postoak — blackjack  association.  Twenty-one  (65%) 
were  found  in  the  floodplain  forest  association.  Thirteen  (42%)  were 
recorded  from  the  tail-grass  prairie  association. 

Since  the  postoak — blackjack  timber  represents  the  regional  climax  and 
39%  of  the  species  of  the  mammals  present  are  typically  eastern  forest  forms, 
this  area  is  more  eastern  in  its  affinities  than  it  is  western, 
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INTERPRETATION  OF  RADIOACTIVITY  LOGS 
IN  REEF  LIMESTONE 

ROBERT  E.  BUSH 
Lane- Wells  Company 

Radioactivity  logs  are  used  extensively  in  most  of  the  areas  on  the 
continent  of  North  America  in  all  types  of  oil  producing  reservoirs;  how¬ 
ever,  this  discussion  will  be  confined  to  the  use  of  radioactivity  logs  in  the 
reef  limestones  of  West  Texas.  This  type  of  oil  producing  formation  pre¬ 
sents  a  problem  which  may  best  be  solved  by  the  radioactivity  log.  In  this 
paper  the  characteristics  of  a  reef  limestone  as  shown  by  the  reaction  of  a 
combination  Gamma  Ray  curve  and  Neutron  curve  will  be  discussed.  The 
generalized  qualitative  interpretation  of  radioactivity  logs  in  reef  limestone 
will  be  covered  in  conjunction  with  the  more  quantitative  reactions  in  the 
presence  of  liquid  filled  pore  space.  The  more  theoretical  aspects  of  the 
subject  have  been  discussed  at  length  in  the  literature  and  will  not  be  re¬ 
peated  in  this  paper;  however,  reference  will  be  made  to  other  works. 

RESPONSE  OF  THE  GAMMA  RAY  CURVE 

Existing  logging  quipment  provides  for  commercial  use  a  Gamma  Ray 
curve  which  may  be  recorded  in  cased  bore  holes  or  in  uncased  bore  holes. 
The  Gamma  Ray  curve  is  obtained  by  lowering  a  subsurface  recording 
Gamma  Ray  detector  (ionization  chamber)  on  a  cable  into  a  well,  and 
syncronizing  the  movements  of  the  detector  by  use  of  a  depth  indicator  with 
a  pen-and-ink  paper  driven  recorder.  A  chart  of  the  Gamma  Ray  inten¬ 
sifies  versus  depth  are  thus  obtained.  Limestones  are  normally  low  in  con¬ 
tent  of  radioactive  emitters  and  are  therefore  recorded  on  the  low  intensity 
(left)  side  of  the  chart.  Shales  and  clays  are  usually  higher  in  content  of 
radioactive  emittors  and  are  recorded  to  the  right,  or  high,  intensity  side 
of  the  chart.  It  may  then  be  said  that  the  Gamma  Ray  curve  may  be  used 
to  estimate  the  relative  shale  or  clay  content  of  the  reef  limestones.  Figure 
No.  3  shows  the  reaction  of  the  Gamma  Ray  curve  in  reef  limestone.  The 
high  intensity  shale  that  appears  above  the  low  intensity  limestone  makes 
it  possible  to  pick  the  top  of  the  reef  fro  mthe  radioactivity  log.  It  will  be 
noted  that  two  shaly  streaks  appear  toward  the  bottom  of  the  reef. 

THE  NEUTRON  CURVE 

The  complementary  curve  to  the  Gamma  Ray  curve  has  been  called 
the  Neutron  Curve.  A  strong  source  of  fast  neutrons  is  used  to  bombard 
the  rock  surrounding  the  well  bore,  and  the  return  of  resultant  secondary 
gamma  rays  is  recorded  by  a  gamma  ray  detector  in  exactly  the  same  man¬ 
ner  as  was  described  for  the  Gamma  Ray  curve.  However  the  properties 
of  the  rock  investigated  are  entirely  different.  To  explain  the  total  intensity 
of  radiation  recorded  by  the  Neutron  instrument,  reference  is  made  to 
Figure  No.  1.  A  schematic  diagram  shows  the  radiation  detector  and  the 
source  in  position  opposite  the  well  bore  surrounded  by  the  well  fluid.  Both 
gamma  rays  and  fast  neutrons  are  emitted  from  a  radium-beryllium  source, 
and  both  contribute  to  the  total  intensity.  The  rocks  surrounding  the  well 
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bore  also  contribute  gamma  rays  in  proportion  to  the  content  of  radio¬ 
elements.  It  may  then  be  said  that  the  total  intensity  recorded  by  the  Neu¬ 
tron  instrument  is: 

I  —  Ii  +  I2  +  Is 

Where: 

I  is  the  total  radiation  intensity. 

11  is  the  intensity  of  the  secondary  gamma  rays  emitted  from 

the  rocks  when  bombarded  by  the  Neutrons  from  the 
source. 

12  is  the  intensity  of  the  scattered  gamma  rays  from  the  source. 

13  is  the  intensity  of  the  primary  gamma  rays  from  the  rock. 

and  ionization  chamber,  and  in  reef  limestone  wells  where  bore  hole  diameter 
The  major  portion  of  the  I2  component  is  removed  by  shielding  of  the  source 
is  usually  constant  the  effect  of  the  I2  component  may  be  considered  as 
constant. 

The  I3  component  is  effectively  shielded  from  the  ionization  chamber 
and  will  not  be  considered  in  this  discussion  of  reef  limestone. 

Therefore  it  may  be  said  that  the  Ii  component  is  determinative  of  the 
total  Neutron  intensity.  The  relationship  of  the  Neutron  curve  to  liquid 
filled  porosity  has  been  discussed  at  length  in  other  publications,  and  it  will 
suffice  to  say  that  the  Neutron  curve  varies  exponentially  with  liquid  filled 
porosity.  The  presence  of  hydrogen  in  the  liquid  filling  the  pore  space  of 
the  rock  acts  as  an  absorbent  for  the  Neutron  flux  which  ordinarily  is  con¬ 
verted  into  a  secondary  Gamma  Ray  flux  when  the  rock  surrounding  the 
bore  is  bombarded.  The  increase  in  the  presence  of  hydrogen  tends  to  reduce 
the  resultant  Gamma  Ray  flux,  and  a  decease  in  the  presence  of  hydrogen 
permits  the  normal  response  of  the  chemical  element  composing  the  rock 
to  the  Neutron  bombardment.  Where  the  rock  composition  is  uniform  as 
in  the  reef  limestone,  the  variation  measured  by  the  Neutron  curve  may 
be  termed  the  absorption  coefficient  of  hydrozgen  for  the  Neutron  flux. 
Low  Neutron  curve  intensifies  to  the  left  of  the  log  indicate  an  increased 
amount  of  hydrogen  while  higher  Neutron  intensifies  to  the  right  of  the 
log  indicate  a  lesser  amount  of  hydrogen  present.  Hydrogen  may  be  con¬ 
sidered  indicative  of  the  total  liquid  filled  porosity  present  in  the  rock,  and 
the  Neutron  curve  is  therefore  determinative  for  the  porosity  of  the  rock. 

Figure  No.  2  shows  the  relationship  of  the  Neutron  curve  to  porosity 
plotted  as  a  graph  on  semi-log  graph  paper.  The  exponential  relationship 
of  the  Neutron  curve  to  porosity  is  illustrated  by  the  graphic  scale  at  the 
top  of  the  Neutron  curve  showing  the  logarithmic  increase  of  porosity  to¬ 
ward  the  left  of  the  curve.  It  will  also  be  noted  that  the  presence  of  shale 
reduces  the  deflection  of  the  Neutron  curve  due  to  the  change  in  chemical 
content  of  the  shale  and  to  the  presence  of  chemically  bound  water  which 
contains  hydrogen.  The  presence  of  shale  in  a  formation  must  therefore  be 
identified  by  the  higg  radioactive  intensity  on  the  Gamma  Ray  curve. 

APPLICATION  OF  QUALITATIVE  METHODS  OF  INTERPRETATION 

The  application  of  quantitative  methods  of  interpretation  to  the  radio¬ 
activity  log  has  been  covered  in  other  publications  and  will  be  reviewed  here 
only  as  it  applies  to  reef  limestone.  To  prepare  the  basic  data  for  quantita¬ 
tive  interpretation  it  is  necessary  to  have  available  a  core  analysis  for  porosity 
of  a  well  on  which  a  radioactivity  log  has  been  obtained.  The  relationship 
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I,  VARIES  WITH  POROSITY  EXPONENTIALLY 
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of  the  Neutron  curve  to  the  core  porosity  is  determined  by  correlating  the 
core  depths  with  the  radioactivity  log  depths.  Figure  No.  3  shows  an  ex¬ 
ample  of  a  log  in  the  reef  limestone  of  the  Kelley  Field,  Scurry  County, 
Texas,  in  which  the  core  porosity  has  been  correlated  with  the  Neutron 
curve  and  the  core  depths  adjusted  to  the  depth  of  the  radioactivity  log. 
To  provide  a  reference  point  for  the  Neutron  curve,  several  types  of  refer¬ 
ences  have  been  used.  Relative  references  established  from  the  average  shale 
line  have  proved  quit  satisfactory.  Howver,  a  surfac  radiation  reference 
obtained  by  establishing  pen  position  at  the  surface  and  maintaining  a  con¬ 
stant  instrument  setting  throughout  the  making  of  the  log  has  proved  to 
be  more  satisfactory  for  general  use  in  this  area.  Also  absolute  radioactive 
zero  can  now  be  measured  on  the  Neutron  curve  which  eliminates  even 
the  small  surface  radiation  background.  For  this  example,  however,  the 
surface  radiation  reference  is  shown.  The  deflection  of  the  Neutron  curve 


Radioactivity  Logs 


117 


1952,  No.  1 
March  30 


opposite  the  core  porosity  depth  is  measured  from  surface  radiation  refer¬ 
ence  for  each  individual  core  sample  shown  on  the  blocked  core  log.  The' 
length  of  each  sample  Is  shown  on  the  graph  to  indicate  the  relation  of 
the  core  sample  length  to  the  Neutron  sample.  It  should  be  noted  that  the 
length  of  th  Neutron  sample  is  approximately  two  feet.  Better  results  are 
therefore  obtained  where  bulk  volume,  whole  core  analysis  is  used  in  refer¬ 
ence  to  the  plug  analysis.  Where  samples  of  less  than  one  foot  are  obtained 
for  core  analysis,  it  is  sometimes  advisable  to  average  the  porosity  by  as¬ 
signing  full  weight  to  the  middle  sample  of  three  samples  and  one-half 
weight  to  the  samples  above  and  below.  In  this  example  all  samples  are  ap¬ 
proximately  13”  in  length  and  therefore  have  not  been  averaged.  After 
having  determined  the  Neutron  deflection  in  inches  opposite  each  core 
sample,  a  Neutron  Deprived  Porosity  Curve  may  be  plotted. 

NEUTRON  DERIVED  POROSITY  CURVE 

Where  hole  size  within  a  well  bore  is  changed,  it  is  necessary  to  determ¬ 
ine  a  Neutron  Derived  Porosity  Curve  for  each  change  of  bore  size.  In  the 
example  well  3-3/4”  hole  was  drilled  to  approximately  6700s  and  6-1/ 8” 


QUANTITATIVE  INTERPRETATION 


11  SECONDARY  GAMMA  RAYS— FROM 
NEUTRON  BOMBARDMENT 

12  PRIMARY  GAMMA  RAYS  FROM  SOURCE 
Is  PRIMARY  GAMMA  RAYS  FROM  OCR 


FJGPRE  3 


118 


The  Texas  Journal  of  Science 


1952,  No.  1 
March  30 


hole  was  drilled  from  approximately  6700’  to  total  depth.  It  is  therefore 
necessary  to  prepare  a  Neutron  Derived  Porosity  Curve  for  each  bore  size. 
Figure  No.  4  shows  the  Neutron  Derived  Porosity  for  8-3/4’  bore  hole.  This 
was  obtained  by  converting  the  inches  of  deflection  of  the  Neutron  curve 
to  standard  units  which  may  be  defined  as  an  invariant  quantity  obtained  by 
dividing  inches  of  deflection  by  the  sensitivity  of  the  log,  versus  percent 
porosity.  Standard  units  are  plotted  as  the  abscissa  versus  percent  porosity 
as  the  ordinant  on  semi-log  graph  paper,  and  the  scattering  of  the  points  is 
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weighted  by  drawing  a  straight  line  that  best  fits  the  average  of  the  scatter¬ 
ing.  This  Neutron  Derived  Porosity  Curve  may  be  applied  to  any  radio¬ 
activity  log  of  a  well  in  this  field  drilled  to  8-3/4”  hole  size  by  measuring 
the  inches  of  deflection  on  the  new  log  through  the  zone  of  interest  for  each 
foot  and  dividing  the  deflections  obtained  by  the  sensitivity  of  the  new  log 
and  looking  up  the  porosity  for  the  resultant  standard  unit  on  the  Neutron 
Derived  Porosity  Curve. 

Figure  No.  5  shows  a  plot  of  the  data  obtained  in  the  6-1/8”  bore  hole 
and  this  curve  may  in  turn  be  applied  to  wells  drilled  to  a  6-1/8”  bore  size 
in  this  field. 


> 

H 

c n 
o 
<r 
o 

Q_ 


z 

UJ 

o 

a: 

LU 

OL 


FIGURE  5 


120 


The  Texas  Journal  of  Science 


1952,  No.  1 
JVTarch  30 


porosity  and  the  Neutron  curve  it  is  possible  to  determine  a  Neutron  Derived 
An  easier  method  of  determining  the  porosity  represented  by  the  Neu¬ 
tron  curve  may  be  obtained  by  reading  from  the  Neutron  Derived  Porosity 
Curve  the  standard  units  on  the  curve  opposite  each  one  percent  change  in 
porosity  and  multiplying  the  standard  unit  that  represents  a  given  porosity 
by  the  sensitivity  of  the  curve  in  question.  Figure  No.  6  shows  a  Neutron 
Derived  Porosity  Scale  which  has  been  prepared  for  application  to  a  log  of 
3.8”  deflection.  As  an  example  on  the  Neutron  Derived  Porosity  Curve  for 
6-1/8”  Open  Hole  the  standard  unit  read  for  2%  porosity  is  1.041  standard 
units.  This  figure  is  multiplied  by  the  sensitivity  (3.8”)  and  the  inches  of 
dflection  for  a  log  of  3.8”  of  sensitivity  is  obtained  (3.96”)  from  surface 
radiation  reference.  The  inches  of  deflection  were  determined  over  the  range 
of  porosity  necessary  and  plotted  as  a  scale  from  surface  radiation  reference 
as  shown  in  the  example  (Figure  No.  6).  By  positioning  the  surface  radia¬ 
tion  references  on  the  scale  over  the  surface  radiation  reference  on  the  log, 
the  porosity  may  be  read  directly. 


EXTENT  OF  APPLICATION 


The  method  of  quantitative  interpretation  just  described  has  been  used 
extensively  in  the  reef  limestone  fields  bothin  Texas  and  Canada,  and  has 
been  found  extremely  helpful  in  determining  average  reservoir  porositis.  It 
has  been  possible  to  obtain  from  base  logs  similar  to  the  example  shown 
Neutron  Derived  Porosity  Curves  for  many  combinations  of  bore  size  and 
casing  conditions.  At  the  present  Neutron  Derived  Porosity  Curves  in  4-3/4” 
Open  Hole,  6-1/8”  Open  Hole,  6-3/4”  Open  Hole,  8-3/4”  Open  Hole, 
5-1/2”  Cased  Hole,  and  7”  Cased  Hole  are  available.  The  data  available 
indicates  that  the  composition  of  reef  limestone  is  sufficiently  uniform 
that  the  Neutron  Derived  Porosity  Curves  determined  in  one  field  in  the 
reef  limestone  may  be  applied  to  other  fields  in  the  reef  limstone. 


CONCLUSIONS 


The  qualitative  interpretation  of  radioactivity  logs  in  the  reef  lime¬ 
stones  of  West  Texas  have  been  discussed  briefly  and  the  basis  of  quantita¬ 
tive  interpretation  of  radioactivity  logs  has  been  discussed  and  illustrated  by 
examples  from  the  Kelley  Field  in  Scurry  County,  Texas.  The  method  of 
determining  porosit  by  establishing  the  relationship  between  the  Neutron 
deflection  from  a  reference  point  to  the  corresponding  core  porosity  has 
been  discussed.  From  the  establishment  of  the  relationship  between  core 
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Porosity  Curve  which  may  be  applied  to  other  logs  of  similar  bore  size  in 
this  field  or  other  fields  in  reef  limestone.  By  application  of  the  Neutron 
Derived  Porosity  Curve  or  a  Neutron  Derived  Porosity  Scale,  it  is  possible 
to  determine  average  porosities  in  the  reef  limestones  in  this  field  and  in 
other  reef  limestone  fields. 


Westcott,  Cynthia  The  Gardener’s  Bug  Book.  American  Garden  Guild  and  Doubleday  & 

Company.  New  ork.  1946. 

The  Gardener’s  Bug  Book  describes  1000  insect  enemies  of  plants  and 
gives  methods  for  their  control.  It  brings  to  the  home  gardener  for  the  first 
time  a  handy  Manual  on  Insect  Pest  Control  that  is  scientifically  accurate 
and  also  presents  its  subject  so  simply  and  lucidly  that  anyone  can  follow. 
The  outstanding  feature  is  the  full  color  "Life  History”  engravings  of  more 
than  100  of  the  most  common  insect  pests  of  home  gardens  and  grounds. 
These  illustrations  make  possible  easy  and  positive  identification  of  your 
garden  enemies.  By  showing  them  at  different  stages  of  development  any¬ 
one  can  identify  them  with  a  little  practice  whenever  and  wherever  found. 
This  is  an  important  point  because  many  pests  do  their  damage  and  can  be 
most  effectively  controlled  before  they  reach  maturity.  More  than  100 
line  drawings  supplement  the  color  plates.  To  aid  in  identification  the  de¬ 
scriptions  of  the  types  of  injuries  are  given  for  over  500  species  of  plants 
attacked  by  insects.  This  Bugbook  is  so  complete  that  it  would  be  difficult 
to  find  an  insect  pest  which  is  not  thoroughly  covered. 

The  Gardener’s  Bug  Book  consists  of  seven  chapters  and  an 
Introduction,  How  To  Use  The  Book,  Bibliography,  etc.  Chapter  I  tells 
about  Insects  in  the  Garden  which  in  attacking  plants  affect  man  and  so¬ 
ciety.  Chapter  II  lists  and  discusses  Garden  Chemicals  and  gives  cautions  as 
to  their  use,  handling  and  storage.  Although  about  five  years  old  this  book, 
while  lacking  some  of  the  newest  chemicals,  nevertheless  is  a  fine  com¬ 
pendium  of  the  well-known,  tested  materials.  Chapter  III  deals  with  the 
arts  of  Spraying,  Dusting,  and  Fumigation.  It  illustrates  the  kinds  of  equip¬ 
ment  to  use  for  various  applications  and  gives  instructions  on  formulation, 
mixing,  and  application  of  the  various  mixtures.  Chapter  IV,  Insects  In 
Order,  shows  where  the  insects  fit  into  the  Animal  Kingdom;  how  their 
bodies  are  made  up  of  three  segments,  how  they  grow,  and  how  they  are 
named.  Chapter  V,  The  Bugs,  contains  3  51  pages  to  describe  and  prescribe 
control  for  the  1000  species.  Chapter  VI,  Host  Plants  and  Their  Pests,  lists 
host  plants  in  alphabetical  order  and  gives  their  respective  insect  pests  in 
alphabetical  order.  Chapter  VII,  It’s  Not  So  Bad  As  It  Seems,  inspired  the 
author  to  state  that  an  hour  a  week  from  March  to  November  was  enough 
to  keep  the  average  suburban  garden  reasonably  healthy. 

The  author,  Dr.  Cynthia  Westcott,  compiled  The  Gardener’s  Bug 
Book  after  13  years  of  experience  as  a  Plant  Doctor.  It  was  prepared  to 
give  the  amateur  gardener,  even  the  most  amateurish  amateur,  a  volume 
that  would  enable  him,  by  occasionally  consulting  a  Plant  Doctor,  to  con¬ 
trol  any  insect  pest  he  would  be  likely  to  find  in  his  garden  or  about  the 
grounds,  in  any  section  in  the  United  States.  The  Bug  Book  prepares  for 
you  the  specific  controls  which  have  been  found  effective;  and  tells  you 
how  and  when  to  apply  them.  No  gardener  can  possess  this  book  without 
having  the  thrill  of  knowing  how  to  make  a  better  garden  wherever  insects 
are  concerned.-— e.  m.  Hildebrand. 
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POLAROGRAPHY  OF  COMPLEX  IONS 


JOSEPH  A.  SCHUFLE 
Department  of  Chemistry 
New  Mexico  Institute  of  Mining  and  Technology 
Socorro,  New  Mexico 


Workers  on  the  wartime  nuclear  fission  projects  developed  procedures 
for  the  separation  and  purification  of  elements,  particularly  the  rare-earth 
elements,  by  means  of  ion-exchange  columns.  A  solution  containing  a  mix¬ 
ture  of  the  elements  to  be  separated  is  passed  through  a  column  of  organic 
polymeric  resins  and  the  ions  are  adsorbed  on  the  resin.  A  solution  of  a 
substance  capable  of  forming  complexes  with  the  adsorbed  ions,  usually  a 
citrate  solution,  is  next  passed  through  the  column.  As  the  complexing  agent 
seeps  down  through  the  column,  it  competes  with  the  resin  for  the  adsorbed 
ions.  The  ion  forming  the  most  stable  complex  with  the  complexing  agent 
is  detached  first  from  the  resin  and  eluted  from  the  column.  Other  ions  are 
similarly  detached  from  the  column  successively  as  the  stability  of  their 
complex  species  decreases.  As  a  result  of  this  work  there  has  been  increased 
activity  in  the  field  of  research  on  metal  complex  ions  and  their  stabilities. 

It  is  recognized  that  the  reduction  potential  of  a  simple  metal  ion  in 
solution  is  altered  by  the  addition  to  the  solution  of  a  substance  capable  of 
forming  a  complex  species  with  the  simple  metal  ion.  Thus  the  normal  re¬ 
duction  potential  of  the  silver  ion  is  increased  1.3  volts  by  the  addition  of 
excess  cyanide  ion  to  the  solution.  The  silver  ion  is  held  in  solution  so  firmly 
in  the  form  of  the  very  stable  silver  cyanide  complex  that  the  electromotive 
force  must  be  increased  by  1.3  volts  over  the  normal  silver  deposition  poten¬ 
tial  before  the  silver  will  deposit  from  a  cyanide  solution. 

In  the  case  of  the  reduction  of  a  simple  metal  ion  the  reaction  might 
be  expressed  as: 

(1)  MI1+  +  ne  - ->M 

If  the  metal,  M,  forms  a  complex  ion,  MAX^X  -  n)~,  this  ion  would  dissociate 
as  follows: 


(A  ~  n^'  — >Mn+  +  xa" 

This  dissociation  constant,  Kd,  would  be  expressed  as: 

(3)  Kd  -  V*1_VX. 

• n’' 


or 


(4) 


aMA 


(x  -  n) 


The  Nernst  equation  for  the  electrode  potential  of  a  metal  electrode  in  a 
solution  of  its  own  ions  of  activity,  amn+,  is 


(5)  E  =  E°  -  JB3L  In  5^0+ 


Substituting  eqn  (4)  in  eqn  (5): 


(6)  E 


E°  -  In  K ,  -  J2L  In 


*MA 


(x  -  n)“ 


nF 


nF 
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If  two  solutions  have  the  same  concentration  of  metal  ion,  Mn  +  ,  and  thus 
approximately  the  same  concentration  of  metal  complex  ion,  MAX^X  - n)", 
then  from  eqn  (6)  is  obtained: 


(7) 

E1  -  E2  * 

RT 

nF 

in  (V,1 

(v>2 

xRT 

(•A-)_ 

(8) 

E*  E„  + 

In  1 

1  2 

nF 

(v>. 

If  E2  is  taken  as  the  EMF.,  E°,  at  some  standard  state  of  unit  activity  of 
A-,  then: 


(9)  E  »  E°  +  .  JffiL.  In  a  _ 

nF  A 

Thus,  it  is  evident  that  the  electrode  potential  of  a  metal  electrode  in  a 
complex-forming  media  should  be  a  function  of  the  concentration,  or  ac¬ 
tivity,  of  the  complex-forming  ligand,  A-. 

Using  eqn  (9),  if  n,  the  valence  of  the  metal  ion,  is  known,  then  the 
value  of  x  can  be  determined  and  thus  can  be  found  the  formula  of  the 
complex  ion  MeAx(x-nU. 

Since  1923  with  the  development  of  the  dropping  mercury  electrode, 
now  commonly  called  a  polarograph,  by  Jaroslav  Heyrovsky  at  Charles 
University  in  Prague,  Czechoslovakia,  a  new  tool  has  been  available  for  the 
study  of  reduction  potentials.  The  reducible  metal  ion  deposits  on  the  con¬ 
stantly  renewed  surface  of  the  dropping  mercury  electrode  and  the  deposited 
metal  in  the  form  of  an  amalgam  acts  in  many  ways  as  though  it  were  an 
electrode  of  the  metal  itself.  In  other  words,  the  so-called  half-wave  poten¬ 
tial  of  the  d.m.e.  in  a  solution  of  the  metal  ion  bears  a  simple  relationship 
to  the  standard  electrode  potential  of  the  metal. 

Workers  in  Charles  University,  Prague,  recognized  the  value  of  the 
polarograph  as  a  tool  for  the  study  of  complex  ions  in  solution.  Both  Pines 
in  1929  and  Dobryszycki  in  1930  used  the  polarograph  to  study  cyanide 
and  ammine  complexes  of  cadmium  and  zinc.  In  1935,  Heyrovsky  sum¬ 
marized  the  information  available  up  to  that  time  on  the  polarography  of 
complex  ions.  Heyrovsky  stated  that  if  the  concentration  of  complex-form¬ 
ing  ligand  is  unity  (In.)  then  the  half-wave  potential  of  the  complex  salt 
differs  from  that  obtained  with  free  cations  by  -  RT  In  K.  The  shift  in 

nF 

Ej  ,  therefore,  express  the  free  energy  of  the  complex  reaction  or,  in  other 
words,  the  stability  of  the  complex  ion. 

The  next  important  general  paper  in  this  field  was  by  Stackelberg  and 
Freyhold  in  1940  on  "Polarographic  Researches  on  Complexes  in  Aqueous 
Solution.”  These  authors  made  a  complete  summary  of  the  theoretical  aspects 
of  the  subject.  They  included  a  discussion  of  the  polarographic  reduction 
of  complex  ions  from  one  valance  state  to  a  lower  valence  state: 

oxn  +  v@  £=>  rx^  +  (faQ  -  VX‘ 

They  concluded  that: 


d  log  Cx 


K  "  %) 


v 


Thus  a  plot  of  E  values  vs.  log.  Cx  (log  ax  for  concentrated  solutions) 
should  give  a  straight  line  from  the  slope  of  which  (n0-nr)  can  be  determ- 
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ined.  This  general  equation  also  covers  the  case  where  the  reduced  form  is 
not  an  ion  but  the  free  metal.  In  this  case  nr  is  zero  and  the  slope  of  the 
line  gives  the  value  of  nu. 

In  Table  I  are  listed  a  few  examples  from  the  recent  literature  showing 
the  different  types  of  ions  and  complexing  agents  which  have  been  studied 
by  this  method. 

As  an  example  of  the  use  of  this  method,  the  plot  of  the  E  3 .  values  for 
the  In  ion  in  varying  concentrations  of  chloride  ion,  obtained  by  Schufle, 
Stubbs  and  Witman  are  shown  in  Fig.  1.  The  values  of  X  obtained  from 
Fig.  1  indicate  complex  ions  of  the  type  InCl2+  and  InCl4"  predominate  in 
the  concentration  areas  indicated. 


FIGURE  1 
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According  to  Heyrovsky  and  many  others,  the  value  of  the  dissociation 
constant  for  the  complex  ion  can  also  be  determined  from  polarographic 
data.  For  example  for  the  following  dissociation: 

(10)  MAi*=>MI5+  +  xA~ 


(11)  Kd  - 

(Vx) 

The  application  of  a  form  of  the  Nernst  equation  to  the  reduction  of  such 
a  complex  ion  at  the  d.m.c.  is  as  follows: 

(12)  E£  -  Eg  -  .0591  log 

Where  Es  is  the  value  of  E  ^  for  the  simple  metal  ion  in  a  non-complex¬ 
forming  media.  Substituting  the  value  of  a from  (11)  in  (12): 

(15)  Ei  -  F  -  ,0591  log  (V*)  (V)X 
n  Kd 

Since  the  value  of  E  ^  for  a  metal  ion  is  practically  independent  of  the  con¬ 
centration  of  the  metal  ion,  aMn  +  may  be  taken  equal  to  unit.  Therefore: 

(HO  El  -  Ea  -  ,0591  X  log  (V)  +  .0591  log  Kd 

n  n 

If  a  is  adjusted  to  a  value  of  one: 


(15)  Ei  »  e6  +  ..0523:  los  Kd 

8  n 


Thus  from  a  value  of  E  , .  at  a 

Vs  A 


1,  and  the  value  of  Es,  K,i  may  be  evalu¬ 


ated.  By  measuring  Kd  at  different  temperatures,  a  number  of  authors  (e.g., 
Kroshunov  in  1949  at  Gorky  State  University  in  U.S.S.R.)  have  evaluated 
AH,  the  heat  of  dissociation  for  the  complex  ion. 

Recently,  however,  this  method  for  evaluating  Kd  by  polarographic 
methods  has  been  criticized  because  of  difficulty  encountered  in  evaluating 
Es,  the  E  value  for  a  simple  metal  ion  in  a  non-complex  forming  medium. 

The  principle  problem  is  to  decide  just  what  is  a  non-complex  forming 
medium.  Lingane  in  1939  assumed  that  a  chloride  ion  medium  was  non¬ 
complex  forming  with  Pb  and  Cd  ions.  He  attributed  the  variation  in  E 
from  0.1  to  1  NCR  ion  to  variation  in  ionic  strength;  but  Caglioti  and 
Sartori,  in  1949  in  a  review  article,  believe  the  variation  in  E1/o  is  probably 
due  to  formation  of  chloride  complexes.  Chloride  ion  is  definitely  complex¬ 
forming  with  tin,  indium  and  copper,  for  example. 

Perchloric  acid  often  is  used  as  an  indifferent  electrolyte  because  of  the 
supposed  absence  of  complex  formation,  but  stannous  tin,  bismuth,  anti¬ 
mony  and  indium  are  reduced  irreversibly  in  such  media  and  at  much  higher 
potentials  than  normallv,  indicating  the  development  of  considerable  over¬ 
voltage.  Traces  of  chloride  or  bromide  ion  added  to  the  solution  make  the 
reduction  become  reversible.  Heyrovsky  in  1947  pictured  the  effect  of 
chloride  ion  in  bringing  about  reversible  reduction  of  trivalent  metals  such 
as  Bi,  Sb  and  In,  as  an  electron  transition  through  a  deformed  halide  ion 
attached  to  the  metal  ion.  If  such  a  system  is  not  a  true  complex,  then  E 
for  the  reduction  might  be  taken  as  EK,  the  reduction  potential  for  the 
simple  metal  iron. 
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Stackelberg  in  1940  and  Ligane  in  1941  have  arrived  independently 
at  equations  relating  the  E  y  for  a  simple  metal  ion  to  its  ordinary  standard 
reduction  potential,  its  solubility  in  Hg  and  its  affinity  for  Hg.  Lingane 
says  that  with  a  knowledge  of  these  quantities  it  is  possible  to  compute 
accurately  the  value  of  Es,  but  he  gives  no  examples  of  its  application  to 
trivalent  ions  such  as  Sb  and  In.  This  is  because  there  is  no  experimental  data 
available  for  simple  metal  ions.  There  seems  to  be  some  doubt  as  to  whether 
simple  ions  of  such  trivalent  metals  actually  can  exist  in  solution. 

The  problem  of  determining  (E  y  )  s  can  be  solved  sometimes  by  an 
indirect  method.  For  example,  (E  1  )s  for  the  cuprous  ion  cannot  be  determ¬ 
ined  experimentally.  However,  Onstott  and  Laitinen  in  1950  calculated  a 
hypothetical  value.  They  used  a  value  for  the  dissociation  constant  of  the 
diamine  Cu(I)  ion  determined  from  pH  measurements  by  Bjerrum,  and  the 
E  y  value  for  the  complex  ion.  With  this  hypothetical  value  for  (E  ,,  )s  for 
the  simple  cuprous  ion  they  then  could  evaluate  dissociation  constants  for 
other  cuprous  complex  ions  by  polarographic  methods. 

Heyrovsky  in  1947  distinguished  between  four  groups  of  cations, 
based  on  the  waves  obtained  with  an  oscillographic  polarograph. 

(1)  Cations  always  reduced  reversibly  in  any  electrolyte,  e.g.,  Na+, 
K+,  T1+,  Cu+. 

(2)  Cations  reduced  reversibly  in  all  electrolytes,  but  affected  by 
adsorbed  materials  in  solution  such  as  gelatin,  e.g.,  Pb  and  Cd. 

(3)  Cations  reduced  reversibly  in  presence  of  certain  electrolytes,  but 
not  others,  e.g.,  Sn++,  Bi,  Sb+  +  +  and  In. 

(4  Cations  whose  reduction  is  consistently  irreversible,  e.g.,  Cr,  Mn, 
Fe,  Co,  Ni,  Cu,  Zn. 

Many  of  the  reductions  which  Heyrovsky  reports  as  irreversible  in  his 
oscillographic  experiments  are  irreversible  only  at  the  extreme  speed  at  which 
the  electrode  potential  was  changed  oscillographically,  a  speed  so  rapid  that 
there  was  insufficient  time  for  the  usual  Nernst  equilibrium  to  be  estab¬ 
lished.  Many  reductions  which  Heyrovsky  classes  as  irreversible  can  be  re¬ 
versible  under  ordinary  polarographic  conditions,  e.g.,  cupric  ion. 

Note,  however,  that  the  ion  the  reduction  of  which  according  to  Hey¬ 
rovsky,  is  always  oscillographically  reversible,  Na,  K,  etc.,  are  those  which 
show  the  least  hydration,  while  those  ions  the  reduction  of  which  is  mostly 
irreversible,  Cr,  Mn,  In,  Fe,  etc.,  are  those  most  highly  hydrated  in  aqueous 
solution.  This  might  indicate  that  hydrated  ions  are  held  so  rigidly  in  solu¬ 
tion  that  reduction  is  a  slow  or  irreversible  process.  For  example,  Lingane, 
in  1945  reported  that  the  stannic  ion  in  1  to  2  M  perchloric  acid  gave  no 
indication  of  a  reduction  wave  before  the  discharge  of  the  H  ion.  Lingane 
proposed  that  the  predominant  ionic  species  is  probably  Sn  (H20)  and 
the  rate  of  reduction  of  this  ion  is  so  slow  that  no  appreciable  reduction 
occurs  during  the  short  life  of  each  Hg  drop. 
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A  NEW  JOURNAL  IN  ZOOLOGY 

The  Society  of  Systematic  Zoology  will  initiate  publication  this  spring 
of  a  new  quarterly  journal,  SYSTEMATIC  ZOOLOGY.  The  first  number  is 
scheduled  to  appear  in  March.  Articles  of  general  interest  to  all  zoological 
systematists  will  occupy  most  of  the  space  in  the  journal.  Book  notices,  news 
items,  projects,  people,  museum  activities,  lists  of  systematic  societies,  and 
other  miscellany  will  round  out  the  contents. 

Occupying  a  hitherto  conspicuous  void  in  the  coverage  of  zoological 
fields  by  scientific  journals,  the  new  serial  has  three  purposes:  "(1)  to  pub¬ 
lish,  and  therefore  to  encourage  the  preparation  of,  contributions  on  basic 
aspects  of  all  fields  of  systematic  principles  and  problems;  (2)  to  provide 
a  suitable  forum  for  discussion  of  the  problems  of  the  systematist  and  his 
methods;  and  (3)  to  report  the  other  activities  of  the  Society  of  Systematic 
Zoology  as  news.” 

The  Society  of  Systematic  Zoology  was  organized  in  1947  and  now 
has  over  a  thousand  members,  of  cosmopolitan  distribution.  The  president 
for  1952  is  Dr.  Alfred  S.  Romer  of  Harvard  University,  and  the  Secretary- 
Treasurer  is  Dr.  Richard  E.  Blackwelder  of  the  U.  S.  National  Museum.  A 
rotating  council  of  eight  members  supervises  activities  of  the  Society,  and 
an  editorial  board  of  thirteen  members  (including  the  editor  and  two  as¬ 
sociate  editors)  will  control  publication  policies.  On  a  pro  tern  basis  Dr. 
Blackwelder  is  acting  as  editor,  with  the  aid  of  an  eight-member  editorial 
board. 
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THE  METEOR  OF  14  AUGUST  1951 

CHARLES  E.  BALLEISEN 
Acting  Director,  Oceanography  and  Meteorology 
Southwest  Research  Institute 
San  Antonio,  Texas 

ABSTRACT 

An  unusually  bright  meteor  passed  over  southeast  Texas  at  approximately  8:00 
P.  M.  on  Tuesday,  14  August  1951.  An  approximate  calculation  ol  its  height  is  100 
miles.  It  most  probably  passed  over  the  course:  Bryan  to  Rio  Grande  City. 

An  unusually  bright  fireball  or  meteor  attracted  the  attention  of  many 
people  in  Southeast  Texas  at  approximately  8:00  P.  M.  on  the  night  of 
Tuesday,  14  August  1951.  In  response  to  a  request  from  the  writer,  the 
"San  Antonio  Evening  News”  of  the  following  day  requested  its  readers 
to  report  what  they  had  seen.  Six  serious  reports  were  received,  which,  to¬ 
gether  with  the  observations  of  the  writer  and  one  other  person  located 
through  other  sources,  constitute  the  basis  of  this  report.  Search  through 
several  Texas  newspapers  failed  to  reveal  other  observations. 

These  reports  are  summarized  as  follows:  Report  1 — Beeville  .  .  .  started  rising 
out  of  the  northeast,  it  traveled  in  a  southwest  direction  and  was  visible  for  several 
seconds  .  .  .  rose  out  of  the  ground  a  little  east  of  north  and  made  a  complete  arc 
across  the  sky  .  .  .  last  sight  at  slightly  west  of  south.  Report  2 — Corpus  Christi  .  .  . 
saw  it  first  in  the  northwest  .  .  .  passed  across  the  west  to  the  southwest  .  .  .  roughly 
approximate  its  altitude  at  45°  .  .  .  length  of  path  about  90°.  Report  3 — Falfurrias 
.  .  .  first  appeared  at  approximately  15°  east  of  north  and  appeared  to  be  going 
straight  up  into  the  sky  .  .  .  went  in  a  southerly  direction  and  disappeared  .  .  .  was 
visible  6  to  8  seconds  .  .  .  would  guess  1000  to  1500  feet.  Report  4 — Helotes  .  .  . 
Appeared  near  Zeta  Cygni  (RA  21  hrs,  decl  4-304)  .  .  .  disappeared  near  Nu  and 
Sigma  Librae  (RA  15h20m,  decl  -25°)  .  .  .  visible  three  or  four  seconds  .  .  .  semi- 
luminous  train.  Report  3 — Kyle  .  .  .  plane  was  at  usual  altitude  .  .  .  ball  of  light  not 
so  high  .  .  .  passed  over  our  farm  and  house  .  .  .  mile  northwest  of  Kyle  .  .  .  looked 
like  a  ball  of  fire,  but  where  all  meteors  give  off  a  trail  of  sparks,  this  was  a  clear, 
luminous,  unbroken  line.  Report  6 — -Pleasanton  .  .  .  Small,  sparkling  ball  of  fire,  very 
bright,  passed  over  my  property  .  .  .  looked  to  be  about  60  or  70  feet  high,  traveling 
a  fast  rate  of  speed  .  .  .  direction,  a  little  west  of  south.  Report  7 — San  Antonio  .  .  . 
From  northeast  towards  south  .  .  .  long  single  tail  .  .  .  could  have  had  several  tails 
like  a  comet  ...  in  full  view  for  about  5  seconds  .  .  .  did  not  seem  to  be  very  high. 
Report  8 — San  Antonio  .  .  .Coming  from  the  northeast  and  traveling  at  a  fast  rate  of 
speed  .  .  .  had  a  trail  of  sparks  ...  as  many  little  stars  following  along  behind  it  .  .  . 
appeared  to  be  much  nearer  the  earth  than  the  stars  above  .  .  .  much  brighter  than 
the  other  stars  .  .  .  was  traveling  south. 

These  reports  are  reasonably  consistent  in  direction  and  general  ap¬ 
pearance.  Unfortunately,  only  Report  4  contained  sufficient  detail  to  per¬ 
mit  making  any  calculations.  As  viewed  from  this  position,  the  beginning 
point  was  in  Azimuth  73°12J  East  and  Altitude  37°3T,  and  the  end  point 
was  in  Azimuth  154° 5 2’  West  and  Altitude  30°5T.  This  placed  the  plane 
of  observation  46°  above  the  horizon. 

Report  2  placed  the  meteor  in  a  plane  45°  above  his  horizon,  but  to 
the  west.  All  other  observers  said  it  passed  overhead.  From  these  observations, 
it  was  deduced  that  the  path  in  general  passed  over  Bryan,  Beeville,  Fal¬ 
furrias,  and  Rio  Grande  City.  The  two  end  cities  are  included  as  all  reporters 
indicated  that  the  meteor  swept  entirely  across  their  sky.  It  was  not  possible 
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to  calculate  the  inclination  of  the  path  nor  an  end  point  from  the  data 
available,  so  that  fragments  might  be  searched  for.  However,  it  is  not  im¬ 
possible  that  this  meteor  may  have  continued  into  Mexico. 

From  the  angular  heights  recorded,  it  is  estimated  that  its  height  was 
about  100  miles.  This  is  probably  a  little  high.  The  discordance  among  the 
heights  reported  shows  clearly  that  human  binocular  vision  becomes  hope¬ 
lessly  inadequate  at  distances  beyond  a  few  hundred  yards. 

It  is  hoped  that  this  note  will  increase  interest  in  this  type  of  phe- 
nomen  and  will  assist  in  obtaining  accurate  data  of  future  occurrences. 
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CHAPTER  SEVEN  in  the  Fascinating  Story  of  the  Search  for  Oil 


In  1907 


The  gravimeter,  which  was  placed  in  regular 
service  in  the  United  States  in  1931,  was  widely  used  and 
generally  recognized  by  193  5  as  a  superior  exploration 
instrument.  Its  use  increased  rapidly  and  by  1937  the 
gravimeter  had  rendered  the  torsion  balance  practically 
obsolete.  Many  different  types  of  gravimeters  were  de¬ 
veloped  and  built  during  this  period,  and  one  that  gained 
wide-spread  usage  was  the  Mott-Smith  Gravimeter.  This 
instrument  consisted  essentially  of  a  horizontal  quartz 
fiber  carrying  a  horizontal  weight  arm  which  was  con¬ 
nected  to  "labilizing”  fiber  which  passed  through  the  line 
of  the  horizontal  fiber  and  attached  to  a  spring.  A  small 
change  in  gravitational  attraction  on  the  weight  arm  pro¬ 
duced  a  relatively  large  movement  of  it  and  of  the  index 
arm.  This  instrument,  con¬ 
sidered  "quite  small,” 
weighed  approximately  150 
pounds.  It  was  observed  from 


a  tripod  which  was  let  down  through  the  floor  of  the 
truck.  Thus,  in  general  field  operations,  gravimeter  sta¬ 
tions  were  laid  out  along  roads  which  could  be  reached  by 
truck  and  the  survey  then  consisted  of  lines  of  stations  at 
intervals  of  /z  to  2  miles  on  roads  that  were  approximately 
one  to  several  miles  apart. 


In  1951 


GEOPHYSICAL 

GULF  BLOG. 


With  a  back-log  of  more  than  15  years’  ex¬ 
perience  .  .  .  plus  a  record  of  dependable  instrument  im¬ 
provements  to  meet  specific  needs  for  various  areas  .  .  . 
General  Geophysical  is  better  prepared  today  than  at  any 
other  time  to  accurately  compile  and  interpret  seismograph 
data  to  help  operators  determine  and  locate  conditions 
favorable  to  finding  new  oil  reserves.  So  when  you  plan 
to  explore  new  areas  and 
deeper  horizons  for  tomor¬ 
row’s  reserves  let  General’s  j 
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THE  RIVER  BASIN  SURVEYS  ARCHEOLOGICAL 
SALVAGE  PROGRAM  IN  TEXAS* 

EDWARD  B.  JELKS 
River  Basin  Surveys 
Smithsonian  Institution 

Many  think  of  archeology  as  the  mere  collecting  of  curios  for  exhibi¬ 
tion:  such  is  not  the  case.  As  "the  child  is  father  of  the  man,’’  so  are 
our  present  environmental  and  cultural  conditions  products  of  past  influ¬ 
ences.  Cattlemen,  farmers,  and  businessmen  are  more  and  more  becoming 
aware  of  the  critical  condition  of  some  of  our  essential  resources  in  Texas, 
and  many  are  beginning  to  realize  the  importance  of  a  better  understanding 
of  such  processes  as  erosion,  drought,  climatic  change,  the  natural  balance 
of  fauna  and  flora,  the  rates  of  silt  deposition  along  the  flood  plains  of 
streams,  and  the  shifting  of  river  channels  and  shore  lines.  Basic  data  con¬ 
cerning  these  processes  must  be  gathered  and  analyzed  if  we  are  to  cope 
with  such  terrifying  problems  as  the  recent  lowering  of  the  water  table  in 
Texas  and  the  resulting  water  shortage.  Since  recorded  statistics  are  available 
for  only  a  relatively  short  period  of  time,  it  is  only  common  sense  that 
archeological  methods  and  techniques  be  employed  to  gather  statistics  from 
the  prehistoric  past.  The  archeologist  is  able  to  learn  much  about  en¬ 
vironmental  changes  over  at  least  the  past  2  5,000  years  and  their  cumulative 
effects  on  present  conditions.  If  we  are  to  adapt  ourselves  most  effectively 
to  changes  in  the  future,  it  is  essential  that  a  long-range  perspective  be 
established. 

In  Texas  there  are  a  number  of  archeological  and  paleontological  sites 
of  great  importance  to  such  a  long-range  study.  Many  of  them — as  well  as 
equally  important  ones  in  other  states — will  be  destroyed  in  the  next  few 
years  as  a  result  of  the  present  extension  program  of  dam  construction  in 
the  United  Staees.  The  information  potentially  available  in  a  number  of 
these  sites  cannot  be  duplicated  elsewhere,  consequently  their  complete 
destruction  would  result  in  irreplaceable  omissions  in  United  States  prehistory. 

When,  in  1945,  archeologists  became  aware  of  the  plans  for  post-war 
dam  construction,  the  River  Basin  Surveys  was  organized  as  an  agent  for 
the  salvage  of  as  much  of  this  information  as  possible.  The  River  Basin  Sur¬ 
veys  operates  under  the  supervision  of  the  Smithsonian  Institution  and  works 
in  close  cooperation  with  the  National  Park  Service,  the  Army  Corps  of 
Engineers,  the  Bureau  of  Reclamation,  and  various  colleges,  universities  and 
other  educational  institutions.  The  director  is  Dr.  Frank  H.  H.  Roberts,  Jr., 
Associate  Director  of  the  Bureau  of  American  Ethnology. 

In  1947  a  River  Basin  Surveys  field  office  was  established  in  Austin  for 
the  purpose  of  investigating  reservoirs  under  construction  in  Texas.  The 
University  of  Texas  kindly  furnished  facilities  for  this  office.  In  Texas  the 
River  Basin  Surveys  has  investigated  and  appraised  the  archeological  and 
paleontological  resources  of  18  reservoir  areas.  These  are  the  Addicks  Reser¬ 
voir  on  Buffalo  Bayou  near  Houston.  Dam  "B”  Reservoir  on  the  Neches,  Mc¬ 
Gee  Bend  Reservoir  on  the  Angelina,  San  Angelo  Reservoir  on  the  drainage  of 

*  Permission  for  the  publication  of  this  paper  has  kindly  been  granted  by  Dr.  A.  Wetmore, 
Secretary  of  the  Smithsonian  Institution. 


132 


The  Texas  Journal  of  Science 


1952,  No.  2 
June  30 


EXCAVATING  a  large  rock  shelter  on  the  Brazos,  Whitney  Reservior. 


AN  EXTENDED  BURIAL  in  a  late  Indian  village,  Whitney  reservoir.  A  string  of  blue 
glass  trade  beads  encircles  the  neck. 
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the  Colorado,  Lavon  Reservoir  on  the  Trinity,  Garza-Little  Elm  Reservoir  on 
the  Trinity,  Grapevine  Reservoir  on  Denton  Creek,  Benbrook  Reservoir  on  the 
Trinity,  Belton  Reservoir  on  the  Leon,  Canyon  Reservoir  on  the  Guadalupe, 
Falcon  Reservoir  on  the  Rio  Grande,  Texarkana  Reservoir  on  the  Sulphur, 
Ferrells  Bridge  Reservoir  on  Big  Cypress  Creek,  Granite  Shoals  Reservoir  on 
the  Colorado,  Colorado  City  Reservoir  on  the  Colorado,  and  Cooper  Reser¬ 
voir  on  the  Sulphur.  Excavations  have  been  made  in  six  reservoir  areas: 
Addicks,  Whitney,  Lavon,  Falcon,  Garza-Little  Elm,  and  Belton.  Altogether 
491  archeological  and  12  paleontological  sites  have  been  located.  Fifteen  of 
the  former  and  two  of  the  latter  have  been  excavated.  The  River  Basin  Sur¬ 
veys  was  designed  with  the  goal  of  salvaging  10%  of  the  archeological  and 
paleontological  resources  before  their  destruction.  This  goal  has  been  achieved 
thus  far  in  Texas. 

The  procedure  for  working  out  the  reservoirs  is  as  follows.  A  pre¬ 
liminary  reconnaissance  is  made  of  each  reservoir  area  as  scon  as  possible 
after  it  has  been  approved  for  construction.  Recommendations  for  further 
research  are  made  on  a  basis  of  these  preliminary  findings  and,  after  funds 
have  been  appropriated  for  that  purpose  by  Congress,  the  most  important 
sites  are  excavated  as  extensively  as  possible.  A  representative  series  of  speci¬ 
mens  and  duplicate  sets  of  field  records  from  sites  in  Texas  are  given  to  the 
University  of  Texas  and  will  be  available  for  study  by  Texas  scientists.  These 
basic  data  will  be  of  great  help  in  establishing  a  long-range  perspective  of 
Texas  culture  history,  geology,  zoology,  botany,  climatology,  agronomy  and 
other  related  fields  of  study. 

EXCAVATIONS  AT  ADDICKS  RESERVOIR 

The  first  archeological  excavations  by  the  River  Basin  Surveys  in  Texas 
took  place  in  1947  at  Addicks  Reservoir  on  Buffalo  Bayou,  a  tributary  of 
the  San  Jacinto  River.  Two  large  midden  sites  were  investigated  thoroughly, 
and  they  provided  data  which  were  used  as  a  basis  for  establishing  a  tentative 
chronology  for  the  aboriginal  occupation  of  the  region. 

This  occupation  was  divided  chronologically  into  three  periods.  The 
earliest  was  characterized  by  the  absence  of  pottery  and  arrow  points  and 
the  presence  of  spear  points,  the  second  by  the  presence  of  pottery,  and 
the  third  by  the  presence  of  both  pottery  and  arrow  points.  While  somewhat 
arbitrary,  such  a  classification  of  occupation  levels  by  the  presence  or  ab¬ 
sence  of  certain  traits  is  frequently  employed  by  archeologists  as  a  convenient 
reference  framework  and  does  not  necessarily  imply  different  occupations 
by  entirely  different  groups  of  people.  In  this  particular  case,  in  fact,  it  is 
probable  that  these  three  periods  actually  represent  different  stages  in  the 
history  of  one  basic  culture,  the  idea  of  making  pottery  and  the  bow  and 
arrow  having  been  acquired  through  contacts  with  surrounding  cultures. 
In  support  of  this  supposition  is  the  fact  that  many  traits  overlap  from  one 
division  of  occupation  into  the  succeeding  one.  Typological  studies  of  the 
pottery  suggest  contacts  with  peoples  to  the  east,  while  the  arrow  points 
indicate  affiliations  with  cultures  to  the  west  and  northwest. 

EXCAVATIONS  AT  WHITNEY  RESERVOIR 

In  the  spring  and  early  summer  of  1950,  five  archeological  sites  were 
excavated  in  the  Whitney  Reservoir,  just  above  Waco  on  the  Brazos.  Three 
of  these  were  rock  shelters,  the  other  two  open  village  sites..  In  the  lower 
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levels  of  each  rock  shelter  and  in  one  of  the  open  sites  were  found  cultural 
remains  of  archaic  peoples,  typical  of  the  Edwards  Plateau  Aspect  (Kelley, 
1947  and  1947a;  Campbell,  1948;  Stephenson,  1950)  but  evidently  not  be¬ 
longing  to  any  of  the  three  foci  thus  far  established  for  that  aspect.  The 
Edwards  Plateau  Aspect  is  characterized  by  the  presence  of  large  flint 
dart  points,  knives  and  drills;  grinding  slabs  and  handstones  for  grinding 
seeds,  nuts,  berries,  etc.;  heavy  flint  side  scrapers;  fist  axes;  and  the  absence 
of  arrow  points,  pottery  or  any  evidence  of  agriculture.  It  has  been  esti¬ 
mated  that  these  cultures  appeared  in  Central  Texas  circa  4,000  B.C.  and 
continued  in  existence  until  perhaps  the  12th  century  A.D. 

The  upper  occupation  zones  of  all  three  rock  shelters  contained  evi¬ 
dence  of  more  recent  peoples  who  had  the  bow  and  arrow  and  pottery. 
This  later  material  from  one  of  the  shelters  has  been  identified  with  the 
Toyah  Focus  (Kelley,  1947a;  Stephenson,  1950),  a  prehistoric  culture 
thought  to  be  ancestral  to  the  historic  Jumano  Indians.  The  later  artifacts 
from  the  other  two  shelters  are  somewhat  different  from  those  of  the  Toyah 
Focus,  and  apparently  represent  a  slightly  different  cultural  group  that  bears 
some  resemblance  to  the  Austin  Focus  (Krieger,  1946;  Stephenson,  1950)  to 
the  south. 


A  double  burial  in  a  rock  shelter,  Whitney  reservoir. 
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The  second  open  village  site  seems  to  have  been  occupied  almost  entirely 
within  the  historic  period  and  was  probably  one  of  the  Tawakoni  villages 
reported  in  that  area  in  the  latter  half  of  the  eighteenth  century.  A  large 
quantity  of  European  trade  material  was  recovered  from  this  site,  including 
glass  beads,  brass  bracelets  and  other  ornaments,  metal  arrow  points,  steel 
knives,  and  metal  gun  parts. 


EXCAVATIONS  AT  LAVON  RESERVOIR 


In  the  preliminary  survey  of  Lavon  Reservoir  on  the  East  Fork  of  the 
Trinity  several  small,  prehistoric  village  sites  were  located,  each  of  which 
contained  a  large  saucer-shaped  pit  or  depression  approximately  100  feet  in 
diameter.  (For  a  brief  discussion  of  these  pits  see  Stephenson,  1949.)  The 
earth  removed  during  the  construction  of  the  pits  had  been  piled  around 
their  rims  so  that  they  were  originally  perhaps  12  to  15  feet  deep  in  the 
center.  During  the  late  summer  and  early  fall  of  1950  one  of  these  pits  was 
excavated  for  the  purpose  of  ascertaining  its  structural  details  and  exact 
dimensions,  factors  which  had  been  obscured  by  erosional  tearing  down  of 
the  rim  and  filling  of  the  depression. 

In  the  spring  of  1951  excavations  at  Lavon  were  resumed.  A  bulldozer 
was  used  to  cut  trenches  through  three  of  the  sites  so  that  structural  details 
of  the  large  pits  could  be  easily  exposed  for  study.  Midden  deposits  at  these 
three  sites  were  also  excavated  in  order  to  collect  representative  samples  of 
the  implements,  ornaments  and  foods  utilized  by  the  occupants.  The  func¬ 
tion  of  the  large  pits,  which  are  evidently  quite  unique,  has  not  yet  been 
determined. 


CLEARING  one  of  the  large  pits  in  an  archeological  site  on  the  East  Fork  of  the 
Trinity,  Lavon  reservoir. 
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A  DOUBLE  BURIAL  at  Lavon  Reservoir. 


On  the  basis  of  data  recovered  from  these  sites,  it  has  been  estimated 
that  they  were  inhabited  aboriginally  at  some  time  during  the  period  between 
1200  A.D.  and  1600  A.D.  Artifacts  bear  resemblances  both  to  the  Caddoan 
area  to  the  east  and  to  the  north-central  Texas  area  to  the  west. 

EXCAVATIONS  AT  GARZA-LITTLE  ELM  RESERVOIR 

Early  in  May,  1951,  the  River  Basin  Surveys  field  party  moved  from 
Lavon  to  the  Garza-Little  Elm  Reservoir  on  Trinity’s  Elm  Fork  and  two 
archeological  sites  were  excavated  at  that  location.  Data  secured  at  one  of 
these  sites  indicate  occupation  by  an  archaic  people,  different  in  some  respects 
from  the  archaic  cultures  of  the  Edwards  Plateau  Aspect  to  the  south  and 
southwest.  The  possibility  that  there  was  another  earlier  occupation  of  this 
site  is  suggested  by  the  discovery  of  several  projectile  points  of  early  types.* 
None  of  these  was  found  in  situ,  however,  but  all  were  picked  up  from  the 
surface  of  an  eroded  slope  where  they  may  have  been  deposited  as  a  result 
of  displacement  from  a  clay  deposit  which  underlies  the  surface  sand  in 
The  second  site  excavated  at  Garza-Little  Elm  was  occupied  by  a  post- 
archaic  culture  having  pottery  and  the  bow  and  arrow.  Agriculture  was 
probably  practiced  although  no  direct  evidence  to  that  effect  was  found. 
The  artifacts  indicate  affiliations  with  the  later  complexes  in  north-central 
Texas. 


*  Most  of  these  points  were  found  by  Mr.  R.  K.  Harris  of  the  Dallas  Archaeological  Society, 
who  has  been  collecting  artifacts  from  'the  surface  of  the  site  for  over  25  years.  Mr. 
Harris’s  cooperation  in  lending  his  collection  for  study  and  photographing  are  gratefully 
acknowledged. 
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most  of  the  site.  Test  pits  dug  into  this  clay  stratum  did  not  reveal  any 
artifacts,  although  evidence  of  human  occupation  appeared  in  the  form  of 
several  flint  spalls  which  were  almost  certainly  struck  from  nodules  by 
humans. 

Also  collected  at  Garza-Little  Elm  were  several  paleontological  speci¬ 
mens,  including  Pleistocene  bison  and  horse. 

EXCAVATIONS  AT  FALCON  RESERVOIR 

The  River  Basin  Surveys,  in  the  spring  of  1951,  excavated  three  arche¬ 
ological  sites  in  the  Falcon  Reservoir  on  the  Rio  Grande.  One  was  a  pre¬ 
historic  site  of  the  archaic  period,  the  other  two  were  early  historic  house 
sites  of  the  Spanish  Colonial  period. 

A  bulldozer  was  employed  to  remove  the  nine  feet  of  overburden  which 
covered  the  archaic  site,  then  small  hand  tools  were  used  to  excavate  the 
buried  cultural  zone.  This  zone,  which  was  from  four  to  seven  inches  in 
thickness,  yielded  a  number  of  chipped  stone  artifacts  of  distinctive  design. 
Their  position  within  a  terrace  of  the  Rio  Grande  permits  the  use  of  geo¬ 
logical  techniques  in  the  determination  of  their  age;  conversely,  if  some  of 
the  distinctive  artifact  types  can  be  dated  elsewhere  by  other  means,  then  it 
will  become  possible  to  date  the  river  terrace  by  the  cultural  material  it 
contains. 


A  BURIED  SITE  in  a  terrace  of  the  Rio  Grande — Falcon  Reservior.  Man  is  standing 
on  stratum  of  cultural  material  and  is  pointing  to  two  other  occupation  zones.  The 
wide  trench  was  cut  by  a  bulldozer 
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A  total  of  five  masonry  houses  were  excavated  in  the  two  early  historic 
sites.  Artifacts  recovered  include  material  of  both  Indian  and  European 
manufacture,  suggesting  occupation  by  Indians  who  carried  on  extensive 
trade  with  the  Spanish — or  perhaps  successive  occupations  by  Indians  and 
Spaniards.  Further  excavations  at  Falcon  are  scheduled  by  the  National  Park 
Service  and  the  University  of  Texas. 

EXCAVATIONS  AT  BELTON  RESERVOIR 

At  the  time  this  paper  is  being  prepared  a  small  field  party  is  making 
limited  excavations  in  several  archeological  sites  in  the  Belton  Reservoir 
area.  Some  of  these  sites  are  yielding  a  number  of  pottery  fragments  of  types 
belonging  to  the  Caddoan  area  to  the  east.  Since  none  of  the  Indians  of 
central  Texas  appear  to  have  made  much  if  any  pottery,  and  since  these 
Caddoan  potsherds  are  coming  from  typical  central  Texas  sites,  it  is  hoped 
that  evidence  can  be  gathered  concerning  trade  relations  between  the  Indians 
of  central  and  eastern  Texas  and  that  some  of  the  central  Texas  cultures 
can  be  dated  by  association  with  pottery  of  known  age. 

In  all  parts  of  the  state,  as  dams  are  completed  and  reservoirs  filled, 
important  archeological  and  paleontological  sites  will  be  inundated.  The 
program  of  the  River  Basin  Surveys  includes  plans  for  the  salvage  of  this 
endangered  material.  It  is  hoped  that  these  plans  will  be  fulfilled  and  that 
adequate  samples  will  be  recovered  to  preserve  the  record  of  the  prehistoric 
past. 
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NOTES 

Norwegian  whaling  expeditions  this  year  brought  back  considerable 
quantities  of  whale  hypophysis  from  the  Antartic,  which  the  Oslo  medical 
manufacturing  company  Nyegaard  &  Co.  has  since  converted  into  ACTH. 
The  whaling  companies  and  Nyegaard  &  Co.  have  now  donated  a  quantity 
of  ACTH  worth  about  20,000  pounds  to  Norwegian  hospitals  for  research. 
The  quantity  donated  corresponds  to  626,000  international  units.  Hitherto 
ACTH  has  chiefly  been  made  in  the  U.  S.  using  hypophysis  mostly  from 
pigs.  The  hypophysis  from  pigs  are  extremely  small  and  the  manufacturing 
cost  is  therefore  very  great.  Nyegaard  &  Co.,  however,  devised  a  method 
of  using  the  hypophysis  from  whales,  and  during  the  last  whaling  season 
not  only  Norwegian  but  also  British  and  South  African  expeditions  to  the 
Antartic  co-operated  in  collecting  the  raw  material. 
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THE  ORIGINS  AND  DISPERSAL  OF  OCEANIC  BIRDS 

GEORGE  G.  WILLIAMS 
The  Rice  Institute 

Much  has  been  written  about  the  distribution  and  ecology  of  individual 
forms  of  oceanic  birds.  But  only  a  tiny  fraction  of  the  literature  deals  with 
the  origins  and  dispersal  patterns  of  the  larger  groups  of  these  birds.  Even 
Mayr’s  impressive  "History  of  the  North  American  Bird  Fauna”  (1946) 
passes  over  oceanic  birds  with  the  single  phrase,  "Unanalyzed  Element55;  and 
Murphy’s  great  Oceanic  Birds  of  South  America  (1936),  though  unequaled 
in  its  treatment  of  individual  forms,  touches  but  slightly  upon  the  major 
distributional  patterns  of  oceanic  birds. 

This  paper  is  an  attempt  to  draw  together  the  many  known  facts  about 
oceanic  birds,  and  to  create  from  them  an  overall  picture  in  which  each 
fact  will  have  a  significance  in  relation  to  the  whole  picture.  It  cannot  be 
overemphasized,  however,  that  the  outline  of  the  whole  picture  must  be 
nearly  always  hypothetical;  too  many  facts  are  missing.  That  is,  even  if  one 
mind  could  know  all  the  facts  that  are  available,  there  would  still  remain 
vital  facts  that  are  not  available;  thus  we  cannot  know  what  species  have 
vanished  into  geological  oblivion,  we  cannot  be  sure  about  certain  evolu¬ 
tionary  relationships,  we  must  infer  too  much  about  paleogeography. 

Nevertheless,  enough  facts  are  at  hand  to  make  hypothesis  profitable. 
What  is  offered  in  this  paper  is  a  hypothesis,  or  a  series  of  inter-related 
hypotheses,  whose  chief  strength  (the  writer  believes)  is  the  way  in  which 
a  very  large  number  of  facts  fit  together  to  form  a  consistent  and  rational 
whole,  and  no  important  fact  refuses  to  fit  into  the  whole. 

The  Latin  names  used  are  those  of  Peters  (1931,  1934);  the  common 
names,  with  one  or  two  exceptions,  are  those  of  Alexander  (1928).  The 
sequence  of  discussion  is  not  so  much  phylogenetic  as  it  is  a  sequence  thought 
best  suited  for  clarity  of  exposition. 

FACTORS  INFLUENCING  DISTRIBUTION 

Many  ornithologists  tend  to  explain  the  distribution  of  oceanic  birds 
in  terms  of  ocean  currents,  salinity,  turbidity,  temperature  of  the  ocean 
surface,  and  so  on.  These  factors  are  certainly  all-important  at  subspecific, 
and  sometimes  at  specific,  levels.  But  they  may  be  quite  valueless  in  explain¬ 
ing  the  distribution  of  genera,  families,  and  orders.  For  example,  each  of 
the  very  large  genera  Larus  (gulls),  Sterna  (terns),  and  Pterodroma 
(petrels)  occurs  under  every  conceivable  hydrological  and  climatic  condi¬ 
tion. 

Hurricanes  have  often  been  suggested  as  means  of  explaining  facts  of 
distribution  hard  to  explain  otherwise.  It  is  not  impossible  that  hurricanes 
have  been  responsible  for  certain  seeming  anomalies  of  distribution.  On  the 
other  hand,  nothing  in  our  experience  with  hurricane-displaced  oceanic  birds 
today  leads  us  to  believe  that  such  birds  establish  breeding  colonies  in  new 
lands;  instead,  they  disappear  promptly  from  the  new  lands.  Furthermore, 
the  vast  majority  of  hurricanes  (even  in  the  Indian  Ocean  and  China  Sea) 
occur  after  the  annual  breeding  season  of  birds;  hence  most  birds  trans¬ 
ported  by  hurricanes  to  far  lands  would  have  to  linger  there  through  the 
succeeding  winter  and  on  into  the  next  spring  before  they  could  become 
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established  breeders.  There  is  no  reason  to  believe  that  highly  motile  oceanic 
birds,  for  whom  seas  and  sea  coasts  offer  no  terrors,  would  behave  in  such  a 
way.  If  a  bird  were  transported  during  or  just  before  its  breeding  season,  it 
would  either  make  every  effort  to  return  to  its  breeding  ground  (as  did  the 
terns  in  Watson’s  famous  experiments),  or  it  would  have  its  gonadal  physi¬ 
ology  so  disturbed  that  it  could  not  breed  in  that  season,  and  would  have 
to  wait  a  year  in  the  new  home  in  order  to  breed.  Finally,  it  has  been  well 
demonstrated  that  sea-birds,  nearly  all  of  which  are  colonial  in  nesting 
habits,  have  difficulty  breeding  except  in  colonies;  a  few  hurricane-blown 
waifs  would  probably  not  establish  successful  colonies  in  new  lands  far 
from  their  original  homes. 

Prevailing  winds  have  been  considered  another  important  factor  in  dis¬ 
persal.  Oceanic  birds,  however,  soar  best  against  the  wind,  and  they  con¬ 
sistently  fish  upwind.  It  is  likely  therefore  that  deliberate  self-dispersal  of 
oceanic  birds  (ordinarily  the  only  kind  of  dispersal  that  would  "take”) 
would  occur  against  the  prevailing  winds  even  more  than  with  them. 

Although  hydrological-meteorological  factors  undoubtedly  explain 
some  distributional  facts,  they  are  certainly  not  the  whole  story.  The  his¬ 
torical  or  geological  approach  employed  by  Mayr  in  the  work  already  men¬ 
tioned  is  worthy  of  consideration  in  connection  with  oceanic  birds  as  well 
as  with  land  birds,  land  mammals,  and  reptiles.  The  present  paper  is  an  at¬ 
tempt  to  apply  the  historical  or  geological  method  to  problems  of  distribu¬ 
tion  of  oceanic  birds. 

Perhaps  it  is  unnecessary  to  add  that  many  birds  have  a  relatively  long 
geological  history.  Wetmore  (1928,  1940)  points  out  that  some  modern 
bird  orders  appeared  as  early  as  the  Eocene,  and  most  modern  genera  and 
even  many  modern  species  had  appeared  by  the  end  of  the  Pliocene.  Indeed, 
the  modern  oceanic  genera  Puf  firms,  Pelecanus,  Phalacrocorax ,  Sula,  and 
Lams  already  existed  in  the  Oligocene,  and  Moms,  Uria,  and  Procellaria  in 
the  Miocene  (Lambrecht,  1933). 

GEOLOGICAL  HYPOTHESES 

Roughly  speaking,  historical  geologists  may  be  divided  into  two  groups: 
those  who  admit  only  a  bare  minimum  of  connections  between  continents 
in  past  ages,  and  those  who  are  willing  to  admit  extensive  or  numerous  con¬ 
nections.  The  first  group  is  mostly  American,  and  it  generally  follows  the 
theories  of  Dana  (1880).  The  latter  group  is  both  American  and  European, 
and  it  contains  at  least  three  sub-groups,  as  follows:  (a)  the  followers  of 
Suess  (188  5-1909),  who  believe  in  the  existence  of  an  ancient  continent, 
Gondwana,  that  included  parts  of  South  America,  Africa,  southern  Asia, 
and  Australia,  and  that  is  now  largely  sunk  beneath  the  seas;  (b)  the  fol¬ 
lowers  of  Wegener  (1924),  who  believe  that  the  continents  once  formed  a 
single  vast  land  mass  that  has  fragmented  into  separate  continents  that  have 
drifted  apart;  and  (c)  the  followers  of  many  early  biologists,  who  believe 
that  the  continents  have  been  connected,  at  various  times,  by  isthmian  links. 
In  addition,  it  is  universally  conceded  that  the  elevations  of  the  world’s 
great  land  masses  have  fluctuated  frequently  in  the  past,  and  that  sea  level 
has  likewise  fluctuated.  Recent  discoveries  of  many  submarine  canyons,  evi¬ 
dently  eroded  by  streams,  that  lie  as  deep  as  9000  feet  below  the  present 
sea  level,  as  well  as  discoveries  (during  the  last  war)  of  truncated  moun¬ 
tains,  evidently  eroded  by  surface  forces,  lying  thousands  of  feet  below 
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the  surface  of  the  southwest  Pacific,  have  caused  some  drastic  revisions  of 
geological  theories.  For  example,  Professor  Shepard  (1948,  p.  248)  of  the 
Scripps  Institute  of  Oceanography  surmises  that  the  sea  level  in  Pleistocene 
time  may  have  been  "far  greater  than  6000  feet”  below  its  present  level,  a 
condition  that  would  have  created  many  land  connections  (especially  in 
Arctic  and  Antarctic  regions)  where  none  now  exist. 

It  cannot  be  said  that  any  one  paleogeographic  concept  prevails.  As  an 
example  of  divergent  opinions  among  distinguished  geologists,  the  case  of 
Gondwana  may  be  mentioned.  Schuchert  (1933,  p.  83)  writes  that  its 
former  existence  "appears  to  be  established”;  du  Toit  (1950)  writes  that 
its  existence  "appears  unquestionable”;  and  Schuchert’s  pupil  Dunbar  (1949, 
p.  307)  writes  that  its  existence  is  "now  discredited.”  Matthew  (1915)  and 
his  numerous  American  followers,  including  Simpson  (1939),  deny  connec¬ 
tions  between  continents  of  the  southern  hemisphere;  but  Gregory  (193  0), 
von  Ihering  (1931),  Willis  (1932),  and  Dunbar  ( loc .  cit.)  believe  that 
isthmian  links  have  connected  the  southern  continents  at  one.  time  or  an¬ 
other.  The  literature  on  the  subject  of  former  continental  land  connections 
is  enormous,  and  the  theories  are  many.  Shepard’s  conclusion  (p.  3  3  5  )  about 
the  whole  matter  seems  eminently  sound:  "Whatever  we  find,  the  indica¬ 
tions  are  that  something  has  been  radically  missing  from  our  knowledge  of 
past  geological  conditions.” 

The  point  of  all  this  is  that  we  should  approach  the  problem  of  the 
distribution  of  oceanic  birds  without  any  hard  and  fast  paleogeographic 
preconceptions.  As  Mayr  (1940)  has  said,  it  is  much  better  "to  develop  a 
hypothesis  exclusively  on  the  basis  of  data  derived  from  one  field,  and  to 
use  the  other  field  only  for  the  ultimate  check-up.”  The  present  paper  tries 
to  do  just  that  in  the  field  of  oceanic  ornithology. 

I.  LARI  (GULLS,  TERNS,  SKIMMERS,  JAEGERS,  SKUA) 

A.  LARIDAE  (GULLS ) 

The  gulls  of  the  world  may  be  separated  into  two  groups:  the  dark¬ 
headed  and  the  light-headed.  Of  the  44  species  usually  recognized,  22  have 
light  heads  throughout  their  adult  lives,  and  21  have  dark  heads  at  some 
or  all  seasons  of  their  adult  lives.  ( Larus  cirrocephalus  has  a  grey  head,  but 
should  probably  be  included  with  the  dark-headed  forms.) 

Of  the  22  light-headed  forms,  18  breed  exclusively  in  the  northern 
hemisphere,  often  far  into  Arctic  regions,  and  never  south  even  as  far  as 
the  subtropics  (except  for  L.  genet,  which  has  a  southern  outpost  on  the 
Persian  Gulf ) .  Some  of  these  1 8  wander  into  the  tropics  in  winter,  but  not 
into  the  southern  hemisphere;  and  most  species  and  individuals  stay  north 
of  the  tropics. 

In  contrast,  the  dark-headed  gulls  breed  widely  in  the  southern  hemis¬ 
phere,  the  tropics,  and  the  north  temperate  zone.  Only  2  of  them  ever 
breed  in  far  northern  regions,  and  both  return  to  warm  temperate  or  tropical 
regions  in  winter. 

An  explanation  of  this  curious  distribution  is  available  from  geologic 
sources.  One  of  the  well-established  paleogeographic  facts  is  that,  during 
much  of  Tertiary  time,  a  vast  inland  sea  occupied  what  is  now  the  Medi¬ 
terranean  basin,  and  southwestern  and  south  central  Asia  (Fig.  1 ) .  As  the 
sea  gradually  disappeared,  one  arm  of  it  debouched  southward,  west  of  India. 
It  is  more  than  probable  that  another  arm,  running  south  of  the  Himalayas, 
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debouched  eastward  or  southeastward  on  the  other  side  of  India  (Fig.  2); 
this  arm,  running  along  what  is  now  the  Ganges  valley,  may  have  existed 
till  late  geologic  times.  At  any  rate,  "the  foothills  of  the  southern  Himalayas 
are  believed  to  have  suffered  an  uplift  of  6000  feet  since  the  beginning  of 
the  middle  Pleistocene”  (Dunbar,  1949,  p.  431).  The  great  inland  sea 
has  been  called  Tethys;  and  though  the  name  has  some  unsatisfactory  conno¬ 
tations,  it  will  be  called  Tethys  in  this  paper. 

If  we  assume  that  the  dark-headed  gulls  evolved  originally  along  the 
southern  shores  of  Tethys,  and  the  light-headed  along  the  northern  shores, 
the  present  general  distribution  of  the  two  groups  seems  perfectly  natural 
and  reasonable.  Each  group  tends  to  occupy  the  area  of  its  origin,  with 
some  overlapping  of  ranges  as  the  shores  of  ancient  Tethys  were  gradually 
squeezed  together.  As  this  squeezing  occurred  (see  Dunbar,  pp.  429-30), 
two  things  happened  to  the  gulls.  First,  several  of  the  black-headed  forms 
were  left  to  breed  on  what  gradually  became  inland  waters:  the  Black, 
Caspian,  and  Aral  Seas,  and  many  other  smaller  water  areas  in  southeastern 
Europe  and  southwestern  and  south  central  Asia.  Second,  as  Tethys  shrank, 
a  few  of  the  white-headed  forms  were  apparently  funneled  off  into  the 
southwestern  Pacific  area.  It  is  most  significant  that,  of  the  4  white-headed 
gulls  breeding  in  the  southern  hemisphere,  2  ( Gabianus  pacifictis,  or  Pacific 
Gull,  and  Larus  bulleri,  or  Buller’s  Gull)  are  confined  to  the  general  Aus¬ 
tralian  region,  right  at  the  southern  debouchment  of  the  ancient  narrow  sea- 
funnel  (Fig.  2),  and  that  the  other  two  include  Australia  in  their  range. 
Of  the  latter,  L.  dominie  anus  (Southern  Black-backed  Gull)  has  expanded 
its  range  from  Australia  till  it  is  almost  circumpolar  in  the  southern  hemis- 
sphere.  Its  nearest  relatives  (with  either  of  which  it  may  actually  be  con- 
specific)  are  L.  marinus  and  L.  fuscus ,  of  the  North  Atlantic  (see  Murphy, 


FIG.  1 — Sketch-map  to  show  land  areas  that  probably  existed  in  the  Paleocene 
(Eocene-Oligocene)  Period.  All  areas  shown  may  not  have  existed  simultaneously. 
(Modified  from  Arldt.) 
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p.  10  39).  The  entire  superspecies  doubtless  had  a  continuous  distribution 
along  the  ancient  waterway,  but  has  been  separated  into  discontinuous  popu¬ 
lations  by  the  closure  of  the  waterway.  The  remaining  white-headed  gull  of 
the  southern  hemisphere,  L.  novae -hollandiae  (Silver  Gull),  i$  centered 
about  Australia,  but  has  an  outpost  in  southeastern  Africa.  This  outpost  may 
have  been  transported  there  by  hurricanes;  but  it  is  at  least  as  reasonable 
to  believe  that  the  species  originated  in  the  north,  and  spread  southward 
by  both  the  sea-arms  shown  in  Fig.  2. 

Several  of  the  white-headed  species  of  the  northern  hemisphere  are 
circumpolar,  or  almost  circumpolar,  in  distribution,  and  many  of  them 
breed  in  both  the  eastern  and  the  western  hemispheres.  This  distribution  is 
easily  accounted  for  by  the  universally  accepted  fact  that  the  eastern  and 
western  hemispheres  once  had  continuous  coastlines  across  what  is  now  Bering 
Strait,  and  probably  across  what  is  now  Greenland  as  well.  But  how  may 
we  account  for  the  distribution  of  the  southern,  dark-headed  gulls,  many  of 
them  altogether  tropical  or  subtropical  in  their  ecological  needs,  across  both 
the  eastern  and  the  western  hemispheres? 

Again,  hurricanes  may  be  called  upon  for  an  explanation.  But  again  it 
is  much  more  reasonable  (especially  in  view  of  much  other  evidence  to  be 
presented  in  this  paper)  to  believe  that  there  once  existed  some  sort  of  con¬ 
nection,  or  near  connection,  between  the  coasts  of  Africa  and  those  of  South 
America.  Scott  (1937,  p.  262)  writes:  "The  Tertiary  land  connections  of 
Africa  and  South  America  .  .  .  are  still  under  debate,  yet  there  is  strong 
reason  to  believe  that  .  .  .  Africa  and  South  America  were  joined  by  a  trans- 
Atlantic  isthmus  in  the  early  Tertiary”  (Fig.  1).  At  its  eastern  extremity, 
this  connection  may  have  been  a  virtual  desert,  like  northwestern  Africa 
today,  and  may  have  been  a  bridge  for  only  those  few  land  forms  that  could 


FIG.  2 — Sketch-map  to  show  land  areas  that  probably  existed  in  the  Neocene  (Mio- 
cene-Pliocene )  Period.  All  areas  shown  may  not  have  existed  simultaneously.  (Modi¬ 
fied  from  Arldt.) 
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cross  a  desert.  In  any  event,  its  subsidence  must  have  been  a  long,  slow 
process  in  which  the  area  became  an  archipelago  lying  almost  awash  in  the 
Atlantic,  and  then  a  few  widely  scattered  islands  before  total  submergence 
occurred.  Indeed,  it  may  never  have  been  a  true  bridge,  but  only  a  chain  of 
islands.  Probably  it  still  existed  in  some  form  until  the  Pliocene  (possibly 
late  Pliocene  or  early  Pleistocene)  when  it  warped  downward  as  a  tectonic 
accompaniment  to  the  latest  upthrust  of  the  Andes.  Probably  it  never  was  a 
very  effective  agency  for  animal  dispersal — except  in  the  case  of  water  birds, 
for  whom  it  formed  an  excellent  highway. 

A  coastal  highway  such  as  this  would  give  ample  opportunity  for  dark- 
headed  gulls  of  the  southern  shores  of  Tethys  to  range  freely  between  eastern 
and  western  hemispheres.  That  this  is  actually  what  happened  is  indicated 
by  several  significant  circumstances: 

First,  the  abundance  of  dark-headed  forms  in  both  Africa  and  South 
America,  and  the  paucity  of  white-headed  forms  in  both  places,  can  hardly 
be  coincidental. 

Second,  there  is  a  comparatively  close  relationship  among  the  dark¬ 
headed  gulls  that  inhabit  the  areas  that  were  once  the  southern  shores  of 
Tethys — all  the  way  from  central  Asia  westward  to  the  Caribbean-Gulf 
of  Mexico  area.  In  contrast,  on  the  remote  western  coast  of  South  America, 
around  the  sharp  corner  of  the  southern  hemisphere  and  away  from  the  main 
center  of  dispersal  (Fig.  2),  several  strange  types  of  dark-headed  forms 
have  developed — the  monospecific  genera  Creagrus  and  Leucophaeus,  and 
also  the  two  curious  grey  gulls  Lams  modes tus  (Grey  Gull)  and  L.  fuligi- 
nosus  (Dusky  Gull).  That  these  geographically  isolated  western  birds  are 
so  different  from  the  other  group  to  the  north  and  east  emphasizes  the 
probable  close  geographic  relationship  of  the  latter  group. 

Third,  L.  cirrocephalus  (Grey-headed  Gull)  is  an  inland-breeding  species 
which  breeds  in  both  South  America  and  Africa.  This  odd  distribution  can 
be  easily  explained  on  the  assumption  that  the  bird  once  inhabited  inland 
areas  of  the  entire  southern  land-mass,  and  that  when  the  Atlantic  portion 
of  the  land-mass  disappeared,  the  species  was  left  with  two  isolated  popula¬ 
tions  on  either  side  of  the  Atlantic. 

Fourth,  a  similar  thing  probably  happened  with  L.  maculipennis  (Pata¬ 
gonian  Black-headed  Gull).  This  gull  is  hardly  more  than  a  subspecies  of 
L.  ridibundus  (Northern  Black-headed  Gull)  (Hellmayr,  1932,  p.  412) 
which  breeds  over  most  of  Europe  and  central  Asia.  The  latter,  being  an 
inland-breeding  bird,  may  also  have  bred  on  the  ancient  trans-Atlantic 
land-mass  westward  to  South  America;  its  western  components  were  iso¬ 
lated  by  the  sinking  of  the  land-mass,  and  were  left  stranded  on  the  east 
coast  of  South  America  to  evolve  into  the  new  form. 

Fifth,  the  Atlantic  coasts  of  southern  South  America  and  of  southern 
Africa  have  a  very  marked  paucity  of  gulls.  The  two  on  the  South  American 
coast  are  L.  maculipennis ,  just  mentioned,  and  L.  dominie  anus,  mentioned 
previously  as  undoubtedly  having  reached  South  America  via  Antarctica.  The 
two  on  the  African  coast  are  L.  dominicanus  and  L.  novae-hollandiae,  both 
of  which  occupy  only  the  southernmost  part  of  the  western  coast  of  Africa, 
and  also  the  east  coast  of  Africa.  The  former  species  probably  reached  the 
east  coast  from  breeding  islands  in  the  Indian  Ocean,  and  spread  from  there 
around  the  Cape  to  the  west  coast;  the  latter  has  certainly  reached  the  west 
coast  by  a  similar  extension  of  range  from  the  east  coast.  This  paucity  of 
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gulls  on  South  Atlantic  shores  is  exactly  what  we  should  expect  if  a  land 
barrier  once  lay  across  the  central  Atlantic,  and  the  gulls  originated  north 
of  this  barrier. 

B.  STERNIDAE  ( TERNS ) 

Most  of  the  45  species  of  terns  belong  to  two  large  groups:  the  black- 
capped  and  the  light-capped.  In  addition,  there  are  four  small  splinter  groups 
that  cannot  be  fully  analyzed  here:  three  species  of  Chlidonias  (Black 
Terns),  one  species  of  Gygis  (White  Terns),  two  species  of  terns  with  a 
black  bar  through  the  eye  ( Sterna  trudeaui  and  S.  sum at r ana) ,  and  the  very 
distinct  Larosterna  inca  which  is  confined  to  the  west  coast  of  South  Amer¬ 
ica,  and  certainly  originated  there. 

(1)  Perhaps  the  place  of  origin  of  the  black-capped  terns  may  be  better 
located  if  we  first  determine  where  they  did  not  originate. 

Sterna  paradisea  (Arctic  Tern)  is  the  only  tern  that  breeds  in  the 
Arctic  area.  It  is  so  closely  related  to  the  widespread  A.  vittata  (Antarctic 
Tern)  as  to  be  barely  distinguishable  from  it,  and  it  returns  in  winter  to 
Antarctic  waters.  Like  the  Scarlet  Tanager  ( Piranga  olivacea)  and  the  Balti¬ 
more  Oriole  ( Icterus  galbula)  which  breed  north  to  Canada  and  winter  in 
South  or  Central  America,  where  tanagers  and  orioles  certainly  originated 
(Beecher,  1950;  Williams,  1951),  the  Arctic  Tern,  as  a  breeding  bird,  prob¬ 
ably  withdrew  from  Antarctic  areas  in  fairly  recent  times. 

Nor  is  the  Antarctic  itself  a  probable  place  of  origin  of  the  terns. 
Only  S.  vittata  and  S.  hirundinacea  breed  there. 

The  Pacific  coast  of  North  America  from  Mexico  to  Alaska  is  prob¬ 
ably  not  the  original  home  of  the  terns  since  only  the  very  widespread  and 
highly  migratory  subspecies  S.  albifrons  browni  (Least  Tern)  breeds  there. 
Farther  southward,  Thalasseus  elegans  (Elegant  Tern)  breeds  in  the  Gulf 
of  California;  but  it  is  very  closely  related  to  T.  maximus  (Royal  Tern)  and 
T.  eurygnatha  (Cayenne  Tern)  of  the  Gulf  of  Mexico,  the  Caribbean,  and 
the  Pacific  coast  of  Central  America.  Probably  elegans  is  an  offshoot  that 
reached  the  Pacific  coast  from  the  east  via  some  ancient  water-gap  across 
Central  America  or  the  Isthmus  of  Tehauntepec. 

The  Pacific  coast  of  South  America  has  as  breeding  terns  only  S.  hirun¬ 
dinacea  (South  American  Tern),  a  bird  certainly  derived  from  the  Antarctic 
area;  S.  lorata  (Chilean  Tern),  a  bird  closely  allied  to  S.  albifrons  of  the 
huge  area'  from  eastern  Asia  westward  to  the  Caribbean  and  the  Gulf  of 
Mexico,  and  probably  derived  from  the  latter  bird;  and  the  indigenous  and 
very  peculiar  Larosterna  inca  already  mentioned.  This  region  does  not  seem 
to  be  the  center  of  dispersal  of  the  terns. 

As  with  the  gulls,  and  doubtless  for  the  same  reason,  the  southeastern 
coast  of  South  America  and  the  coast  of  West  Africa  have  a  noticeable 
paucity  of  terns.  One  of  the  South  American  birds  is  S.  hirundinacea ,  already 
mentioned;  another  is  S.  super ciliaris  (Amazon  Tern)  which  is  an  inland 
offshoot  of  the  ubiquitous  S.  albifrons  that  has  reached  the  southeastern 
coast  via  river  systems  (Hellmayr,  1929,  p.  497) ;  and  the  final  one  is 
Phaetusa  simplex  (Large-billed  Tern),  a  unique  fluviatile  form  probably 
indigenous  to  interior  South  America.  Western  Africa  south  of  its  great 
bulge  has  only  one  tern,  S.  balaenarum  (Damara  Tern),  another  species  al¬ 
most  certainly  derived  from  S.  albifrons. 
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The  east  coast  of  Asia  has  no  terns  except  outlying  colonies  of  wide¬ 
spread  Eurasian  species  and  S.  aleutica  (Aleutian  Tern)  of  the  extreme 
northeast  area. 

Oceania  has  only  one  strictly  black-capped  tern,  T halasseus  bergii 
(Crested  Tern),  an  almost  pan-tropical  species  in  the  eastern  hemisphere. 
In  addition,  it  has  the  three  brown-backed  (and  dark-capped)  terns  S. 
fuscata ,  anaethetus,  and  lima t a,  of  which  more  will  be  said  presently. 

This  process  of  elimination  leaves  only  ancient  Tethys,  the  Indian 
Ocean,  and  the  southwestern  Pacific  as  possible  centers  of  dispersal  of  the 
black-capped  terns.  Since  all  the  groups  of  terns  (except  Larosterna )  have 
overlapping  ranges  in  the  area  lying  roughly  between  Australia  and  India 
(Fig.  1),  the  terns  as  a  whole  may  have  originated  there.  From  there  the 
two  primitive  genera  Gelochelidon  (Gull-billed  Tern)  and  Hydroprogne 
(Caspian  Tern)  radiated  along  all  existing  coasts  and  close-set  archipelagos 
from  New  Zealand  westward  almost  to  the  Pacific  coast.  Several  other  species 
and  species-clusters  seem  to  have  radiated  in  the  same  way  from  the  same 
source,  though  space  is  lacking  for  full  discussion  of  them.  But  apparently 
most  of  the  development  occurred  westward  along  the  southern  shores  of 
Tethys  (where  the  black-headed  gulls  evolved)  and  the  northern  shores  of 
the  Indian  Ocean.  Even  today  a  dozen  species  of  black-capped  terns  occur 
from  southeastern  Asia  along  the  route  of  ancient  Tethys  to  Gibraltar,  with 
at  least  4  additional  species  across  the  Atlantic  in  the  American  tropics 
and  subtropics  (Fig.  1). 

The  brown-backed  terns  (S.  fuscata,  anaethetus,  and  lunata)  form  a 
special  subgroup  of  the  black-capped.  From  the  center  of  dispersal,  they 
spread  westward  into  the  Indian,  and  eastward  into  the  Pacific  Ocean.  The 
two  first  passed  through  the  Central  American  water-gap,  and  now  breed 
in  the  Caribbean-Gulf  of  Mexico  area  (Sooty  Tern,  Bridled  Tern). 

(2)  The  white-capped  group  of  terns  (Noddies)  is  distributed  over  most 
tropical  and  subtropical  islands,  especially  in  the  Pacific.  Like  the  brown- 
backed  group,  they  spread  both  eastward  and  westward  from  the  center  of 
dispersal.  Two  species  reached  the  Pacific  coast  of  America,  and  passed 
through  the  Central  American  water-gap  to  the  other  side,  where  they 
breed  as  An  bus  stolidus  (Common  Noddy)  and  A.  minutus  (White-capped 
Noddy).  The  same  subspecies  of  the  former  breeds  also  in  the  South  Atlantic, 
and  in  the  months  of  the  northern  spring — both  facts  suggesting  invasions 
of  the  South  Atlantic  from  North  Atlantic  areas  in  quite  recent  times  (or 
since  the  disappearance  of  the  trans-Atlantic  land  barrier).  A.  minutus  has 
also  a  form  breeding  in  the  South  Atlantic  in  the  northern  spring;  but  its 
affinities  are  uncertain. 

C.  RYNCHOPIDAE  ^SKIMMERS ) 

This  family  consists  of  3  species  with  an  extraordinarily  discontinuous 
distribution:  the  Americas,  Africa,  and  southeastern  Asia.  These  species  are 
very  similar  and  very  closely  related  to  one  another;  they  are  very  distantly 
related  to  other  members  of  the  order;  and  most  of  them  are  fluviatile  in 
habit.  Perhaps  the  hypothesis  that  most  easily  and  consistently  explains  the 
peculiar  facts  about  them  is  this:  These  strange  birds  originated  (like  sev¬ 
eral  other  unique  forms)  in  isolated  western  South  America — perhaps  about 
the  lowlands  where  the  ancient  Amazon  lagoon  almost,  or  quite,  reached 
the  Pacific  (Fig.  2)  (Iddings  and  Olsson,  1928).  From  here  they  spread 
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through  the  tropical  and  subtropical  Americas,  across  the  trans-Atlantic 
land-mass  to  Africa,  and  on  to  southeastern  Asia.  The  closure  of  the  ancient 
waterway  to  the  east  isolated  the  easternmost  group;  and  the  sinking  of  the 
Atlantic  land-mass  isolated  the  other  two.  As  might  be  expected  if  this 
hypothesis  is  sound,  the  African  form  ( Rynchops  flavirostris)  is  considered 
intermediate  between  the  other  two. 

D.  STERCORARIIDAE  ( SKUAS  AND  JAEGERS ) 

The  7  forms  of  Catharacta  constitute  one  species,  skua  (Skua).  Only 
one  form  breeds  in  the  northern  hemisphere,  in  a  limited  area  of  the  North 
Atlantic;  the  other  6  breed  entirely  in  the  southern  hemisphere,  mainly  in 
the  far  south.  We  may  assume  that  the  species  originated  in  the  southern 
hemisphere,  but  (something  like  the  Arctic  Tern)  invaded  the  northern 
hemisphere,  via  the  Atlantic,  in  fairly  recent  times,  since  the  disappearance 
of  the  trans-Atlantic  land  barrier.  The  other  genus  of  the  family,  Stercorarius 
(Jaegers),  consists  of  3  species  that  breed  in  Arctic  and  sub-Arctic  areas, 
but  winter  far  to  the  south,  often  in  the  southern  hemisphere.  Presumably 
they  too  originated  in  the  southern  hemisphere.  But  they  present  some  ad¬ 
mittedly  difficult  problems  which,  for  lack  of  space,  cannot  be  adequately 
discussed  here. 

In  summary,  the  Lari  (exclusive  of  the  Stercorariidae )  developed 
about  the  ancient  sea  of  Tethys — the  light-headed  gulls  on  its  northern 
shore,  the  dark-headed  on  its  southern  shore;  the  terns  at  its  southeastern 
juncture  with  the  Pacific  and  Indian  Oceans;  and  the  skimmers  at  its  west¬ 
ernmost  extension  through  the  Amazon  lagoon.  A  few  terns  seem  to  have 
spread  eastward  across  the  Pacific  and,  in  at  least  four  cases,  through  a 
Central  American  water-gap  to  Atlantic  waters.  But  most  of  them  spread 
along  the  coasts  of  ancient  land-masses,  the  most  important  of  which  was 
that  across  the  mid-Atlantic. 

II.  ALCAE  (AUKS,  MURRES,  PUFFINS) 

Of  the  22  species  in  this  group,  15  are  confined  to  the  North  Pacific; 
2  breed  in  both  the  North  Pacific  and  North  Atlantic  ( Uria  aalge,  U. 
lomvia) ;  2  that  breed  in  the  Atlantic  have  closely  related  companion  species 
in  the  North  Pacific  ( Cepphus  grylle,  C.  columha  and  Eratercula  arctica,  F. 
corniculata ) .  Only  3  species,  all  primitive  forms  such  as  would  be  expected 
far  from  the  center  of  dispersal,  are  confined  to  the  North  Atlantic  without 
close  relationship  elsewhere  ( Plautus  alle,  Pinguinus  impennis,  Ale  a  tor  da) . 
From  all  this  it  seems  certain  that  the  area  about  what  is  now  the  North 
Pacific,  or  the  section  of  the  Arctic  Ocean  near  Bering  Strait,  was  the  place 
of  origin  of  the  group.  Invasion  of  Atlantic  areas  could  have  occurred  by 
Arctic  seas  either  north  of  America  or  north  of  Asia. 

III.  PELECANIFORMES  (PELICANS,  BOOBIES,  GANNETS, 
FRIGATE  BIRDS,  TROPIC  BIRDS,  CORMORANTS,  SNAKEBIRDS) 

Fossil  remains  of  this  order  have  been  found  widely  distributed  in 
Europe,  North  America,  and  Asia — tropic  birds  in  the  Eocene  of  the  British 
Isles;  pelicans  in  the  Oligocene  and  Miocene  of  eastern  Europe,  and  in  the 
Pliocene  of  northern  India  and  eastern  Europe;  boobies  in  the  Oligocene  and 
Miocene  of  France,  and  the  Miocene  of  California;  gannets  in  the  Miocene 
of  California  and  of  our  Atlantic  States;  cormorants  from  the  Oligocene  to 
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the  Pleistocene  in  Europe  and  North  America;  snakebirds  from  the  Eocene 
of  Sumatra;  and  various  extinct  families  from  the  Eocene  and  Miocene  of 
Europe.  In  short,  the  order  was  spread  throughout  the  area  of  Tethys  and 
the  North  American  Pacific  coast  from  early  times. 

The  tropical  and  subtropical  affinities  of  most  of  its  families,  however, 
as  well  as  the  fact  that  the  Pacific  and  Indian  Ocean  areas  are  occupied  by 
many  forms  today,  and  the  additional  fact  that  the  order  is  closely  related 
to  the  Procellariiformes  whose  original  home  was  probably  the  south  and 
southwest  Pacific  (see  below) — all  this  would  imply  that  the  origin  of  the 
order  was  somewhere  in  the  southeastern  part  of  Tethys,  perhaps  in  the  area 
between  Australia  and  India. 

A.  PELECANIDAE  f PELICANS ) 

The  present  breeding  range  of  the  7  closely  related  species  of  white 
(or  light  grey)  pelicans  extends  from  Australia  at  a  southeastern  extreme, 
through  southeastern  Asia,  south  and  central  Asia,  the  Mediterranean  basin, 
East  Africa — roughly  the  area  of  Tethys  and  the  immediately  adjoining  coast 
— and  North  America.  There  is  not  the  slightest  evidence  that  the  North 
American  form  entered  this  continent  from  the  north.  But  the  fact  that  it 
has  breeding  colonies  on  our  Gulf  Coast,  and  winters  in  the  Gulf -Caribbean 
area  might  indicate  southern  affinities — that  is,  invasion  from  the  direction 
of  Africa. 

Pelecanus  occidentalis  (Brown  Pelican)  with  its  very  distinctive  color 
and  unique  habit  of  diving  for  fish,  belongs  to  a  very  different  stock.  It  al¬ 
most  certainly  evolved  from  a  primitive  form  on  the  isolated  Pacific  coast  of 
South  America,  and  spread  northward  and  eastward  from  there.  Like  all 
the  other  pelicans,  it  never  penetrated  the  South  Atlantic  past  where  the 
mid-Atlantic  land-mass  lay. 

B.  SULIDAE  (GANNETS  AND  BOOBIES ) 

The  genus  Moms  (Gannets)  has  a  curiously  discontinuous  distribution: 
the  North  Atlantic,  New  Zealand  and  Tasmania,  and  South  Africa,  with 
fossil  forms  in  Maryland  and  California.  This  kind  of  distribution  suggests 
a  northward  and  southward  dispersal  from  a  central  belt  of  distribution — 
that  is,  from  the  southern  shores  of  Tethys. 

The  other  genus,  Sula  (boobies),  has  left  fossil  remains  in  southern 
France,  which  the  bird  must  have  reached  via  Tethys.  But  with  the  closure 
of  the  eastern  reaches  of  Tethys,  the  bird  died  out  in  the  Mediterranean 
and  North  Atlantic  area.  Other  forms  remained  in  the  Indian  and  Pacific 
Oceans,  and  passed  eastward  through  the  ancient  Central  American  water- 
gap  into  tropical  Atlantic  waters.  It  is  significant  that  the  three  subspecies 
(S.  1.  leucogaster,  S.  d .  dactyltra ,  and  S.  s.  sula)  that  breed  south  in  the 
Atlantic  to  Ascension  Island  are  the  same  as  those  that  breed  in  the  Carib¬ 
bean  area,  not  those  of  the  neighboring  Indian  Ocean.  The  inference  is  that 
the  South  Atlantic  was  invaded  from  the  north  in  very  recent  times,  after 
the  disappearance  of  the  mid-Atlantic  land-mass. 

C.  FREGATIDAE  ( FRIGATE  BIRDS ) 

Like  some  of  the  boobies,  some  of  the  frigate  birds  moved  eastward 
across  the  Pacific,  passed  through  or  across  Central  America,  and  invaded 
the  Caribbean-Gulf  of  Mexico  area.  Unlike  Sula ,  however,  no  species  seems 
to  have  invaded  the  South  Atlantic  from  the  north.  Instead,  Ascension 
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Island  is  occupied  by  a  primitive  form  whose  origin  is  obscure;  and  South 
Trinidad  Island  is  occupied  by  two  forms  (F  re  gat  a  minor  nicolli  and  F. 
arid  trinit  at  is)  that  are  specifically  related  to  forms  of  the  western  Indian 
Ocean,  not  the  northern  forms. 

D.  PHAETHONTIDAE  ( TROPIC-BIRDS ) 

One  of  the  3  species  of  tropic-birds  breeds  from  the  western  Indian 
Ocean  eastward  to  Hawaii.  Another  species,  Fbaethon  aethereus  (Red-billed 
Tropic-Bird),  has  4  subspecies  breeding  as  follows:  the  northern  Indian 
Ocean;  the  Galapagos  Islands;  the  west  coast  of  tropical  America,  the 
Caribbean  area,  and  the  Cape  Verde  Islands;  islands  of  the  South  Atlantic. 
The  third  species,  P.  Upturns  (White-tailed  Tropic-Bird),  has  4  subspecies 
with  equally  discontinuous  distribution:  the  Indian  Ocean;  the  southwest 
Pacific;  tropical  and  subtropical  islands  of  North  America;  and  islands  of 
the  South  Atlantic.  Whether  the  birds  of  northerly  Atlantic  areas  arrived 
there  from  the  Pacific  and  later  invaded  the  South  Atlantic;  or  whether 
the  invasion  was  from  the  Indian  Ocean,  to  the  South  Atlantic,  to  the 
northerly  Atlantic,  to  the  eastern  Pacific — this  is  an  interesting  question 
which  cannot  be  solved  on  the  basis  of  data  at  hand.  The  former  alterna¬ 
tive,  however,  seems  more  likely. 

E.  PHALACROCORACIDAE  (CORMORANTS ) 

This  family  of  2  5  species,  originating  in  the  ancestral  area  already 
mentioned,  has  developed  three  branches:  (1)  A  northern  branch  of  mainly 
dull  black  birds  that  occupied  Europe  and  Asia,  and  spread  from  those  two 
continents,  via  northern  land  connections,  to  North  America;  (2)  birds 
mostly  with  white  under-parts  that  moved  southeast  into  Australia,  and 
from  there  apparently  spread  along  Antarctic  coasts  to  South  America 
( Murphy,  p.  871);  (3)  three  peculiar  grey  species,  one  on  the  western 
coast  of  South  America,  and  the  others  in  the  Chatham  Island-New  Zealand 
region.  It  is  quite  possible  that  the  grey  type  developed  on  the  west  coast 
of  South  America— as  did  the  grey  gulls  there,  the  grey  Chilean  and  Inca 
Terns,  and  the  Brown  Pelicans;  indeed,  the  general  coloration,  the  white 
neck-stripes,  and  the  bright  bill  and  feet  of  the  South  American  grey  cor¬ 
morant,  Fhalacrocorax  gaimardi  (Red-legged  Cormorant),  and  of  the  Inca 
Tern  are  astonishingly  similar.  From  western  South  America  the  grey  cor¬ 
morant  may  have  spread  along  ancient  Antarctic  shores  to  Chatham  Island 
and  New  Zealand.  Murphy  (p.  871)  thinks  the  distribution  followed  the 
opposite  course  to  South  America;  but  actually  there  is  no  strong  evidence 
either  way.  For  some  reason,  the  mid-Atlantic  land-mass  was  apparently  not 
a  major  migration  route  for  the  cormorants;  only  the  ancestors  of  the 
widely  distributed  P.  olivaceus  (Mexican  Cormorant)  and  of  N anno pterum 
harrisi  (Flightless  Cormorant)  of  the  Galapagos  seem  to  have  utilized  this 
route — and  it  is  not  certain  that  they  used  it. 

IV.  SPHENISCIFORMES  (PENGUINS) 

The  penguins  seem  to  have  originated  in  an  ancient  semi-circle  of  coast 
(see  below)  extending  from  Patagonia  to  Antarctica.  At  any  rate,  a  very 
large  number  of  extinct  Miocene  (and  Oligocene)  fossil  penguins  have 
been  found  in  that  arc;  over  half  the  species  breed  there  today;  and  the 
other  half  makes  an  unbroken  series  on  eastward  to  the  islands  south  of 
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New  Zealand.  Three  of  them  have  followed  the  cold  Humboldt  Current 
northward  along  the  west  coast  of  South  America,  and  one  has  reached 
Africa;  but  the  group  offers  no  special  problems  of  distribution. 

V.  PROCELLARIIFORMES  ( ALBATROSSES,  PETRELS,  SHEAR¬ 
WATERS,  FULMAR,  WHALE-BIRDS,  STORM-PETRELS, 
DIVING-PETRELS) 

This  complex  group  presents  some  extremely  difficult  problems.  The 
facts  about  the  order  are  very  remarkable.  Its  nearly  100  species  have 
great  variety  in  size,  colors,  markings,  and  habits,  and  many  species  merge 
into  others  in  a  manner  most  confusing  to-  the  taxonomist.  These  birds 
breed  on  widely  scattered  islands  and  several  continental  areas,  mostly  in 
the  southern  hemisphere.  Identical  species  may  breed  on  islands  that  are 
oceans  apart,  with  no  intervening  occupied  areas;  or  identical  species  may 
breed  on  islands  of  very  dissimilar  ecology;  or  many  different  species  may 
breed  together  on  one  tiny  island  virtually  uniform  in  its  ecology;  or  many 
different  species  may  occupy  identical  ocean  areas  when  not  breeding,  and 
identical  land  areas  when  breeding;  or  individual  species  both  in  and  out  of 
breeding  season,  may  inhabit  a  variety  of  hydrologic  zones  ranging  from  the 
subtropical  to  the  Arctic  or  the  Antarctic.  If  all  these  peculiarities  indicate 
that  the  individual  species  originated  and  evolved  on  the  islands  where 
they  now  breed,  we  must  disregard  all  the  principles  of  species-formation 
usually  recognized. 

Roughly  75%  of  the  species  in  the  order  breed  in  the  southern  hemi¬ 
sphere;  70%  in  the  southern  hemisphere  only;  50%  in  the  Pacific  only  in 
contrast  to  7%  in  the  Atlantic  only;  16%  in  the  North  Pacific  only  in 
contrast  to  3%  in  the  North  Atlantic  only.  These  figures  strongly  indi¬ 
cate  that  the  order  originated  in  the  southern  hemisphere,  and  in  the  Pacific 
(or  Pacific  and  Indian)  Ocean.  Yet  (for  reasons  just  outlined)  it  is  difficult 
to  believe  that  the  order  originated  on  the  islands  and  isolated  continental 
areas  it  now  occupies.  Our  problem,  then,  is  to  find  out  where  in  the  south¬ 
ern  hemisphere  the  order  could  have  originated,  why  it  left  that  place  to 
occupy  scattered  islands,  and  how  the  great  variety  of  forms  developed. 

There  is  good  reason  to  believe  that  both  South  America  and  the  New 
Zealand  region  "were  at  one  time  joined  by  land-bridges  with  Antarctica/’ 
and  that  these  bridges  must  have  been  present  "in  the  Miocene  epoch,  at 
least”  (Scott,  1937,  pp.  262,  121)  (Fig.  1).  Very  probably  Antarctica  was 
larger  than  now,  and  extended  into  warmer  latitudes.  In  any  event,  warm 
currents  flow  poleward  along  the  eastern  sides  of  all  continents  (Sverdrup, 
1942,  p.  226),  and  a  warm  current  must  have  flowed  poleward  along  the 
New  Zealand- Antarctica  connection.  This  warm  current  would  have  been 
deflected  eastward,  and  would  have  warned  the  ancient  Antarctic  coast.  But 
the  warm  current  must  have  cooled  steadily  as  it  moved  eastward.  Accord¬ 
ingly,  Antarctic  coasts  did  not  enjoy  a  uniformly  warm  climate,  but  a  suc¬ 
cession  of  climatic  zones.  Local  geography  (peninsulas,  embayments,  moun¬ 
tains)  doubtless  caused  further  diversification  of  climate,  and  therefore 
diversification  of  ecological  areas.  Here  the  rich  variety  of  Procellariiform 
types  could  have  developed. 

But  when  the  northern  land  connections  of  Antarctica  were  broken, 
cold  polar  currents  could  sweep  eastward  unimpeded,  as  they  do  now.  The 
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rich  assortment  of  ecological  areas  along  the  Antarctic  coast  gave  way  to 
today’s  barrenness.  Antarctica  became  virtually  uninhabitable  for  most 
birds,  and  they  had  to  seek  refuge  elsewhere. 

Some  wandered  northward,  their  numbers  gradually  diminishing  the 
farther  they  went  from  their  Antarctic  home,  to  breed  on  whatever  Pacific 
islands  they  chanced  upon.  Others  went  through  the  newly  created  gap  into 
the  Indian  Ocean,  beating  up  against  the  westerly  winds  that  blow  along 
the  Antarctic  coast,  and  spread  in  gradually  diminishing  numbers  on  west¬ 
ward  through  the  Indian  Ocean  and  to  the  islands  of  the  South  Atlantic 
(Tristan  da  Cunha,  Gough,  etc.).  Later  on,  when  the  Straits  of  Magellan 
and  Drake  were  opened,  a  few  species  found  their  way  into  the  Atlantic 
from  the  west.  Since  the  eviction,  many  new  subspecies  and  a  few  species 
have  had  time  to  develop  in  the  new  homes  of  the  birds;  but  the  basic 
taxonomic  patterns  of  genera  and  major  specific  clusters  has  probably 
changed  little. 

Admittedly,  the  explanation  just  given  is  hypothetical.  But  it  is  reason¬ 
able;  it  is  consistent  with  the  very  peculiar  facts  already  mentioned;  it  is 
inconsistent  with  no  known  fact;  and  it  would  explain  many  other  facts 
to  be  mentioned  presently. 

A.  DIOMEDEIDAE  ( ALBATROSSES ) 

Of  the  13  species  of  Albatrosses,  only  Phoebe  tria  fusca  (Sooty  Alba¬ 
tross)  breeds  exclusively  in  the  Atlantic  (at  Tristan  da  Cunha  and  Gough 
Island) ;  it  is  clearly  derived  from  P.  palpebrata  (Light-mantled  Sooty  Alba¬ 
tross)  of  the  Indian  and  Pacific  Oceans;  and  the  two  are  so  closely  related 
that  only  recently  have  they  been  given  double  specific  status.  In  contrast, 
6  species  breed  exclusively  in  the  Pacific  area  (including  the  islands  about 
New  Zealand).  The  way  in  which  the  numbers  of  species  gradually  thin 
out  from  the  hypothetical  center  of  dispersal  is  shown  in  the  following 
figures:  9  species  breed  in  the  South  Pacific  area,  6  in  the  Indian  Ocean,  3 
in  the  South  Atlantic,  3  in  the  North  Pacific.  Significantly,  all  those  species 
that  breed  north  of  the  equator  in  the  Pacific,  breed  in  the  northern  fall  and 
winter,  a  circumstance  suggesting  a  southern-hemisphere  breeding  rhythm 
carried  over  to  the  northern  hemisphere.  In  the  Atlantic,  no  species  breeds 
north  of  37°  S.  A  logical  explanation  of  this  fact  would  be  the  presence  of 
the  ancient  trans-Atlantic  land-bridge  already  mentioned.  No  such  land- 
mass  existed  in  the  Pacific,  which  the  family  has  penetrated  as  far  north 
as  the  Bonin  Islands,  26°  N.  Furthermore,  fossil  fragments  of  an  albatross, 
Diomedea,  have  been  recovered  from  mid-Pliocene  beds  of  England.  The 
bird  probably  arrived  there  from  the  southwest  Pacific  via  the  Tethys  route; 
it  was  exterminated  there  by  the  closure  of  Tethys;  and  it  has  not  yet  re¬ 
covered  a  foothold  in  North  Atlantic  areas,  being  blocked  till  fairly  re¬ 
cently  by  the  mid-Atlantic  land-mass. 

B.  PROCELL ARIIDAE,  EXCLUSIVE  OF  FULMARUS  ( PETRELS,  SHEARWATERS, 

WHALE-BIRDS  ) 

Of  the  56  species  of  this  group,  22  breed  exclusively  in  the  Pacific 
area,  but  only  5  exclusively  in  the  Atlantic  area.  Of  these  5,  Pterodroma 
arminjoniana  (South  Trinidad  Petrel)  breeding  on  South  Trinidad  Island, 
off  the  east  coast  of  South  America,  is  better  regarded  as  an  isolated  sub¬ 
species  of  P.  phillippn  (Kermadec  Petrel)  (Murphy,  709)  of  the  Pacific, 
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which  probably  made  its  way  to  the  Atlantic  via  Drake  or  Magellan  Strait, 
and  followed  the  cool  Falkland  Current  northward  to  South  Trinidad.  An¬ 
other  of  the  South  Atlantic  petrels,  P.  incerta  (SchlegeFs  Petrel),  is  regarded 
by  many  as  only  a  color  phase  of  the  Pacific-Indian  Ocean  P.  lessonii  (White- 
headed  Petrel)  (Murphy,  p.  703).  Actually,  therefore,  it  might  be  more 
nearly  correct  to  say  that  only  3  of  this  group  breed  exclusively  in  the  At¬ 
lantic  area.  (I  am  here  diverging  from  the  classification  by  Peters,  and  adopt¬ 
ing  the  suggestion  of  Murphy,  pp.  692-97,  and  of  Alexander,  p.  56,  that 
P.  hasitata,  P.  cabow ,  and  P.  caribbaea  are  actually  different  races  of  P. 
hasitata. ) 

Though  11  species  breed  in  the  North  Pacific  area,  only  7  breed  in  the 
North  Atlantic  area  (including  the  Mediterranean) .  On  first  glance,  one 
might  believe  that  these  7  arrived  in  the  North  Atlantic  via  the  South 
Atlantic.  But  the  explanation  Jis  not  so  simple.  For  one  thing,  the  South 
Atlantic  and  the  North  Atlantic  have  only  two  species  in  common.  For 
another  thing,  the  distribution  and  apparent  relationships  of  all  species  sug¬ 
gest  a  route  of  dispersal  that  does  not  include  the  South  Atlantic.  Discussion 
of  the  4  possible  routes  follows: 

(1)  They  could  have  reached  the  North  Atlantic  via  the  Arctic;  but 
there  is  no  evidence  for  this  route,  and  much  against  it. 

(2)  They  could  have  spread  from  the  Pacific  center  of  dispersal, 
through  the  Indian  Ocean,  to  the  South  Atlantic,  and  on  to  the  North 
Atlantic.  Just  possibly,  Puff  intis  assimilh  (Little  Shearwater),  which  breeds 
in  the  Australia-New  Zealand  region  and  on  Atlantic  islands  from  Gough 
north  to  Madeira,  may  have  used  this  route.  On  the  other  hand,  the  great 
gap  in  the  breeding  range  (Australia  to  Gough)  seems  odd,  and  suggests 
that  a  different  route  was  used.  Pterodroma  mollis  (Soft-plumaged  Petrel), 
which  breeds  in  the  Indian  Ocean,  Tristan  da  Cunha  and  Gough,  and  the 
islands  off  northwest  Africa,  may  have  used  this  route.  Yet  the  birds  of 
the  Indian  and  the  South  Atlantic  Oceans  constitute  one  subspecies  and 
the  birds  of  the  North  Atlantic  another,  with  neither  subspecies  crossing 
the  equator  or  coming  into  contact  with  the  other.  In  short,  there  is  no 
positive  evidence  that  the  species  spread  from  the  South  Atlantic  to  the 
North  Atlantic. 

(3 )  They  could  have  spread  from  the  Pacific,  through  the  Central 
American  water-gap,  to  Caribbean  and  North  Atlantic  waters.  Apparently, 
P.  hasitata ,  breeding  in  the  West  Indies  and  the  Bermudas,  spread  this  way. 
The  species  closely  resembles  and  forms  "a  natural  Formenkreis55  with  two 
species  that  breed  on  the  Galapagos  and  Hawaiian  Islands  (Murphy,  p.  697). 
Judging  from  this  relationship,  we  can  hardly  doubt  that  the  direct  ancestor 
of  hasitata ,  like  the  rest  of  the  order,  originated  in  the  Pacific  and  spread  to 
the  Atlantic  via  Central  America.  Puffinus  Iherminieri  (Dusky  Shearwater), 
which  breeds  from  the  western  Indian  Ocean  all  the  way  east  to  the  Gala¬ 
pagos,  and  in  the  Lesser  Antilles  as  well  as  on  islands  off  northwest  Africa, 
probably  used  the  same  Central  American  water-gap  to  reach  the  Atlantic. 

(4)  They  could  have  spread  from  the  Pacific  via  ancient  Tethys  to 
what  is  now  the  Mediterranean  and  the  North  Atlantic  (Fig.  1).  Indeed, 
Procellaria ,  which  is  now  confined  to  the  southern  hemisphere,  mostly  about 
Australia,  left  its  remains  in  upper  Miocene  strata  about  what  is  now  south¬ 
ern  France;  Puffinus  was  there  as  early  as  the  upper  Oligocene;  and  now- 
extinct  genera  of  the  same  family  were  there  from  the  upper  Oligocene  to 
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the  upper  Miocene  (Lambrecht,  1933  ).  This  fossil  evidcrce  irry  certainly 
be  interpreted  as  indicating  that  oceanic  birds  spread  from  the  P.cific- 
Indian  Ocean  area,  via  Tethys,  to  what  is  now  the  Mediterranean.  It  is  logi¬ 
cal  to  believe  that  Puffinus  assimilis  reached  the  North  Atlantic  from  its 
Australian  headquarters  by  this  route,  and  that  since  then,  in  the  com¬ 
paratively  recent  times  after  the  sinking  of  the  trans-Atlantic  land-mass,  it 
has  invaded  the  South  Atlantic.  Pterodroma  mollis  could  hive  reached  North 
Atlantic  waters  from  the  Indian  Ocean  in  the  same  way.  The  same  is  true 
of  Puffinus  diomedea  (Mediterranean  Shearwater),  which  breeds  throughout 
the  Mediterranean,  on  the  eastern  Atlantic  islands,  and  in  the  western  Indian 
Ocean.  It  is  also  true  of  Puffinus  puffinus  (Manx  Shearwater),  which 
breeds  throughout  the  Mediterranean,  on  the  eastern  Atlantic  islands,  and 
on  the  northwest  coast  of  Europe,  and  which  is  most  closely  related  to  P. 
reinholdi ,  of  Australian-New  Zealand  seas.  The  distribution  of  Bulweria 
buliveri  (Bulwer’s  Petrel)  is  extraordinary.  It  breeds  in  the  entire  western 
Pacific  area,  and  on  the  islands  off  northwest  Africa.  The  easiest  way  to 
explain  this  singularly  discontinuous  distribution  is  to  assume  a  former  wide 
distribution  from  the  Pacific,  through  Tethys,  to  the  North  Atlantic.  Of 
course,  this  hypothetical  route  of  dispersal  through  Tethys  cannot  be  proved. 
Perhaps  the  birds  came  north  from  the  South  Atlantic,  after  all;  or  per¬ 
haps  they  came  eastward  through  the  Central  American  water-gap.  On  the 
other  hand,  the  presence  of  so  many  fossil  and  contemporary  forms  in  the 
Mediterranean,  paucity  of  birds  that  the  North  Atlantic  and  South  Atlantic 
have  in  common,  and  strange  distributional  patterns  like  that  of  Bulweria  all 
argue  for  the  hypothesis  here  proposed. 

C.  FULMARUS  ( FULMAR ) 

This  genus,  containing  only  one  species,  has  an  almost  circumpolar  dis¬ 
tribution  in  the  northern  hemisphere.  We  may  assume  that  its  ancestors, 
like  the  rest  of  the  order,  originated  in  the  South  Pacific,  where  the  Fulmar’s 
closest  relatives  still  live.  Its  present  distribution  would  suggest  that  it  first 
invaded  the  North  Pacific  (it  breeds  on  Kamchatka,  the  Kurile  Islands,  and 
the  islands  of  Bering  Sea,  and  winters  south  to  Lower  California),  from 
there  spread  along  the  Arctic  shores  of  Asia,  and  eventually  reached  the 
North  Atlantic. 

D.  HYDROBATIDAE  (^STORM-PETRELS ) 

This  family  contains  21  species,  of  which  20  breed  in  the  Pacific  and 
Indian  Oceans,  and  13  in  the  Pacific  alone.  Only  4  species  breed  in  the 
North  Atlantic.  One  of  these,  Hydrobates  pelagians  (British  Storm-Petrel), 
breeds  only  in  the  Mediterranean,  the  British  Isles,  Iceland,  and  northwestern 
Europe.  It  is  reasonable  to  believe  that  it  reached  the  Atlantic  from  the 
Pacific  via  Tethys.  Pelagadroma  marina  (White-faced  Storm  Petrel)  has  a 
discontinuous  distribution  much  like  that  of  Bulweria;  it  breeds  on  the 
islands  about  Australia,  and  on  the  islands  of  the  eastern  Atlantic.  It  too 
probably  used  Tethys  as  a  passageway  from  the  southwest  Pacific  to  the 
North  Atlantic — but,  of  course,  it  might  have  moved  out  of  the  Pacific 
into  the  Atlantic  via  the  Central  American  water-gap,  a  route  which  would 
leave  unexplained,  however,  the  extinction  of  the  species  in  the  vast  inter¬ 
vening  area  between  Australia  and  the  area  east  to  the  North  Atlantic 
islands.  Another  of  the  North  Atlantic  birds,  Oceanodroma  leucorhoa 
(Leach’s  Storm-Petrel) ,  breeds  north  to  Bering  Sea  in  the  Pacific  area  and 
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(the  identical  subspecies)  north  to  Greenland  in  the  Atlantic  area.  It  prob¬ 
ably  invaded  the  Atlantic  from  the  Pacific  via  polar  seas — but  here  again 
a  route  through  the  Central  American  water-gap  might  be  just  as  plausible. 
The  last  of  the  North  Atlantic  birds,  O.  castro  (Madeiran  Storm-Petrel) , 
breeds  on  the  Hawaiian,  Cocos,  and  Galapagos  Islands,  on  the  islands  off 
northwest  Africa,  and  on  St.  Helena.  Since  the  affinities  of  the  entire  fam¬ 
ily  and  order  are  Pacific,  and  the  nearest  relative  of  the  bird  is  O.  tethys,  of 
the  Galapagos  and  Peruvian  coast,  the  species  probably  invaded  the  Atlantic 
from  the  Pacific  via  the  Central  American  water-gap.  From  here  it  spread 
to  the  eastern  Atlantic  and,  very  recently,  south  to  St.  Helena. 

E.  PELECANOIDIDAE  ( DIVING-PETRELS ) 

The  5  species  of  this  family  breed  from  the  Pacific  side  of  southern 
South  America  eastward  to  the  islands  about  New  Zealand.  Murphy  and 
Harper  (1921)  and  Murphy  (1936,  p.  77 2)  have  shown  that  the  group’s 
"point  of  original  dispersal  may  not  have  been  far  from  Cape  Horn.”  Prob¬ 
ably  the  family  originated  in  the  cold  southeastern  corner  of  the  ancient 
Pacific  basin,  and  from  there  moved  eastward  through  the  Straits  of  Magellan 
and  Drake.  The  non-soaring,  diving  habits  of  the  group  are  peculiar  in  the 
order;  and  they  seem  to  have  moved  with,  instead  of  against,  the  prevail¬ 
ing  winds. 

To  summarize — the  order  as  a  whole  almost  certainly  originated  in  the 
southern  areas  of  the  ancient  Pacific,  and  from  there  dispersed  themselves 
by  various  routes:  (1)  directly  to  the  North  Pacific — a  route  taken  by  some 
members  of  all  families  except  the  Pelecanoididae;  (2)  from  North  Pacific 
to  Atlantic  via  the  Arctic — a  route  used  by  Fulmarus  and  probably  Oceano- 
droma  leucorhoa;  (3)  from  the  North  (or  Central)  Pacific  through  a  for¬ 
mer  Central  American  water-gap  to  North  Atlantic  waters — a  route  used 
by  Pterodroma  hasitata ,  Puf firms  Iherminieri ,  Oceanodroma  castro,  perhaps 
Pelagadroma  marina,  and  just  possibly  some  of  the  species  mentioned  in  the 
next  division;  (4)  from  the  Pacific  or  Indian  Ocean  via  Tethys  to  the 
North  Atlantic- — a  route  probably  used  by  Pterodroma  mollis,  Puffinus  as- 
similis,  P.  diomedea,  P.  puffinus,  Bulweria  bulweri,  Hydrobates  pelagicus, 
Pelagadroma  marina;  ( 5 )  from  the  Pacific  to  the  Indian  Ocean,  and  thence, 
in  diminishing  numbers,  to  the  South  Atlantic — a  route  used  by  some  mem¬ 
bers  of  all  families  in  the  order  except  the  Pelecanoididae;  (6)  from  the 
South  Pacific  to  the  South  Atlantic  via  the  Straits  of  Magellan  and  Drake 
— a  route  used  by  the  Pelecanoididae,  Pterodroma  arminjoniana,  and  perhaps 
a  few  other  species  and  individuals  within  species.  There  is  no  good  evidence 
indicating  a  dispersal  northward  from  the  South  Atlantic.  To  be  sure,  sev¬ 
eral  of  the  birds  that  breed  in  the  South  Atlantic  wander  in  the  southern 
winter  to  the  North  Atlantic,  and  these  wanderers  may  be  in  the  process 
of  evolving  toward  types  that  will  breed  in  the  North  Atlantic.  Such  types 
might  already  have  evolved  if  the  time  since  the  disappearance  of  the  trans- 
Atlantic  land-mass  had  been  longer,  or  if  the  absolute  number  of  species 
that  have  reached  the  South  Atlantic  from  the  Pacific  and  Indian  Oceans 
were  greater. 

VI.  OTHER  WATER  BIRDS 

A  study  of  the  distribution  of  other  water  birds  besides  the  oceanic  is 
beyond  the  scope  of  this  paper.  But  such  a  study  would  verify  the  hypoth¬ 
eses  outlined  here — especially  the  hypothesis  of  a  former  closer  connection 
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between  Africa  and  South  America  than  exists  today.  Quick  mention  may 
be  made  of  Dendrocygna  bicolor  (Fulvous  Tree-Duck)  of  tropical  America, 
Africa,  and  southeastern  Asia;  Plegadis  falcinellus  (Glossy  Ibis)  of  tropical 
America,  Africa,  southeastern  Asia,  and  Australia;  Butorides  s hiatus  (a  bit¬ 
tern)  of  Panama,  South  America,  Africa,  southern  Asia,  and  Australasia; 
Porpbyrula  (a  gallinule)  of  tropical  America  and  Africa;  Coturnicops  (a 
rail)  of  the  Americas,  Africa,  and  Asia;  Sarkidornis  (a  duck)  of  tropical 
America,  Africa,  and  southeastern  Asia;  Pboenicopterus  (Flamingo)  of 
southern  Asia,  Africa,  South  America,  and  the  Central  American  and  West 
Indian  region;  the  very  peculiar  Plataleinae  (Spoonbills)  of  southern  Europe, 
central  Asia,  Africa,  and  tropical  America;  the  Jacanidae  (Jacanas)  with 
three  isolated  populations  In  tropical  America,  Africa,  and  the  southeastern 
Asian  and  Australasian  region;  the  Heitor  nit  hid  ae  (Sun  Grebes)  of  tropical 
America,  Africa,  and  southeastern  Asia.  Many  other  similar  examples  of 
birds,  and  also  of  reptiles,  amphibians,  fresh-water  fish,  fresh-water  mollusks, 
and  plants  could  be  mentioned.  Various  explanations  of  their  curious  pat¬ 
terns  of  distribution  could  be,  and  have  been,  offered.  But  insofar  as  oceanic 
birds  are  concerned,  no  explanation  seems  so-  consistent  with  known  facts, 
so  strongly  supported  by  so  many  facts,  so  simple,  so  little  dependent  on 
accidents,  or  so  free  of  anomalies  and  exceptions  as  the  explanation  offered 
here. 
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WHEAT 

J.  L.  BAUGHMAN 
Texas  Game  and  Fish  Commission 
Rockport,  Texas 

Wheat  and  civilization  go  hand  in  hand,  and  the  beginning  of  life  as 
we  know  it  is  inseparably  intertwined  with  the  culture  of  grain.  The  loaf 
of  bread  that  appears  on  our  dinner  table  today  had  its  inception  in  the  great 
river  valleys  of  the  east,  some  ten  or  fifteen  thousand  years  ago,  and  its 
story  is  the  story  of  man  and  his  triumphs.  It  is  a  story  of  adaptability  and 
invention,  a  story  of  grain,  of  domestic  animals,  of  the  plow,  the  wheel, 
metals,  writing,  calendars  and  cities;  in  short,  of  the  whole  magnificent 
pageant  of  progress  by  which  man  has  lifted  himself  from  a  primitive  hut 
beside  a  river  bank  to  vast  and  shining  cities  above  the  plain. 
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Just  who  the  first  farmer  was  we  have  no  way  of  knowing,  but  roasted 
or  parched  grains  and  acorns  were  commonly  eaten  by  people  of  the  Stone 
Age.  Such  grains  and  nuts  were  also  ground  between  stones  and  stored  in 
crude  earthenware  pots  as  reserve  food  supplies.  Stone  Age  man  ate  a  very 
heavy,  unleavened,  flat  bread,  which  was  made  from  these  coarsely  ground 
meals.  Among  dwelling  sites  of  the  Swiss  lake  dwellers,  who  lived  six  or 
seven  thousand  years  ago,  these  round  slabs  of  bread  have  been  found  along 
with  parched  or  uncooked  stores  of  wheat,  barley,  and  millet. 

Although  the  lake  dwellers  gathered  grain  and  made  bread,  there  is 
little  indication  that  they  practiced  intensive  agriculture,  and  it  is  to  the 
valley  of  the  Nile,  in  Egypt,  that  we  must  go  for  the  earliest  indications  of 
any  extensive  cultivation.  Wild  wheat,  or  emmer,  and  barley  probably  grew 
there,  as  they  do  today  in  the  Mesopotamian  Valley  and  Iran,  and,  as  early 
as  5000  B.  C.,  throughout  this  valley,  farming  and  stock  breeding  were 
carried  on  around  the  cities  of  On  (Heliopolis),  Memphis,  Karnak,  and 
Thebes.  About  a  thousand  years  later  the  cities  of  Sumer,  in  the  valley  of 
the  Euphrates,  were  raising  wheat,  and  the  civilization  of  that  area  had  be¬ 
gun  to  provide  food  for  the  Biblical  cities  of  Assur,  Susa,  Kisk,  and  Ur 
of  the  Chaldees.  Only  a  little  later  we  find  evidences  of  a  similar  culture 
appearing  in  the  valley  of  the  Indus,  in  India,  from  which  it  eventually 
spread  eastward  to  China. 

Under  the  most  primitive  conditions  wheat  was  probably  sown  broad¬ 
cast  to  cover  the  ground  thickly  enough  to  discourage  weeds  and  other 
grasses  from  intruding,  and  no  cultivation  was  attempted,  although  graz¬ 
ing  animals  were  kept  away,  and  occasional  weeds  and  stray  grasses  were 
pulled  by  hand.  The  next  step,  perhaps  learned  by  accident,  was  to  burn  the 
old  straw  and  grass  from  the  land  on  which  seed  was  to  be  grown.  The  next 
step  undoubtedly  was  preparation  of  the  seed  bed  by  a  digging  stick  (the 
forerunner  of  the  plow).  After  seed  was  broadcast,  it  was  covered  by  the 
use  of  brush,  which  was  dragged  over  the  surface  of  the  land,  much  as  a 
harrow  is  used  today.  Another  method  was  also  practiced  in  the  river  val¬ 
leys,  where  wheat  was  sown  on  land  that  was  flooded  yearly,  before  the  new 
layer  of  mud  spread  by  the  waters  was  dry.  Then  the  seed  was  broadcast, 
and  sheep  (and  even  cattle)  were  driven  back  and  forth  over  the  field,  to 
trample  the  seed  into  the  ground. 

At  harvest  time  the  wheat  was  headed  by  hand.  Men  and  women  began 
at  one  side  of  the  field  to  cut  the  stalks  with  knives,  tying  the  straw  into 
bundles  with  the  heads  always  turned  the  same  way.  A  knife  may  have 
been  used  at  first,  but  soon  harvesting  instruments  were  designed  especially 
for  the  purpose.  The  earliest  of  these  was  a  straight  piece  of  wood  or  bone 
to  which  small  flakes  of  wood  or  stone  were  fastened,  giving  a  sawlike  edge. 


AN  EGYPTIAN  SICKLE  made  of  flint  blades  set  in  bone. 


This  soon  evolved  into  a  hooked  tool  and  finally  into  the  familiar  curved 
tool  we  know  as  the  sickle.  By  this,  and  its  large  counterpart,  the  scythe, 
wheat  was  harvested  until  comparatively  recent  times,  when  Cyrus  Mc¬ 
Cormick  evolved  the  reaper,  which  in  its  turn  has  become,  within  recent 
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years,  the  vast  combine  that  harvests  the  great  wheat  fields  of  the  west. 

After  harvesting,  the  bundles  of  heads  were  carried  to  a  threshing 
floor,  at  first  merely  a  smooth  patch  of  ground,  tamped  down  hard,  upon 
which  the  heads  of  wheat  were  trampled  under  foot,  or  beaten  out  with 
sticks.  Another  method  was  to  drive  cattle  back  and  forth  across  the  thresh¬ 
ing  floor,  until  they  had  separated  the  grain  from  the  chaff,  and  it  is  here  the 
familiar  Biblical  quotation  "Muzzle  not  the  ox  that  treadeth  out  the  corn” 
had  its  origin.  Later,  these  methods  gave  way  to  the  use  of  the  flail  and 
the  fanning  machine,  which  were  the  forerunners  of  the  threshing  machine 
of  the  last  century.  In  recent  years  this  has  been  combined  with  the  reaper, 
so  that  now,  harvesting  and  threshing  are  done  all  in  one  operation,  by  huge 
mechanical  monsters  which  rumble  and  roar  across  the  great  fields  of  the 
wheat  belt  that  stretches  from  the  plains  of  Texas  to  the  prairies  of  Sas¬ 
katchewan,  a  vast  ocean,  with  rippling  waves  of  gold. 


HARVEST  TIME  in  ancient  Egypt.  Cutting  and  stacking  grain.  After  Martin. 
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HARVEST  SCENE  in  old  Egypt.  Top  row,  laborers  harvesting  grain  with  sickles. 
Second  row,  donkeys  being  driven  over  threshing  floor  to  tread  out  the  grain  and 
men  sacking  the  threshed  product  which  is  loaded  (see  3rd  row)  on  donkeys  to  be 
carried  to  granaries.  Fourth  row,  men  with  sheaves  of  grain. 


Once  the  oxen  had  trodden  out  the  grain,  the  straw  was  removed  with 
a  forked  stick  or  a  crude  rake,  leaving  only  the  seeds,  mixed  with  hulls  or 
chaff.  These  were  tossed  into  the  air,  where  the  winds  drove  the  lighter 
chaff  to  one  side.  The  clean  grain  was  then  gathered  into  baskets  or  bags 
to  be  carried  to  storage  or  the  mill. 

It  was  to  be  expected,  once  man  had  discovered  that  grain  grew  better 
if  the  ground  was  broken  before  planting,  that  he  would  evolve  some  method 
of  cultivation.  The  earliest  form  was  the  digging  stick,  a  stick  pushed  into 
the  ground  to  break  up  the  soil.  Manlike,  he  decided  that  this  was  work, 
and  so  immediately  set  about  finding  a  means  to  get  out  of  it.  The  earliest 
form  of  the  plow  was  probably  the  type  shown  in  a  wall  painting  of  the 
eighteenth  Egyptian  dynasty,  where  four  men  drag  a  sort  of  glorified  digging 
stick,  which  is  held  by  a  fifth.  A  sixth  follows  with  a  bag  of  grain,  which 
he  casts  into  the  furrow.  Here,  again,  there  was  too  much  labor,  and  this 
required  thought,  for  man  is  essentially  a  lazy  animal,  and  has  made  most  of 
his  progress  by  trying  to  get  out  of  work.  The  result  was  that  cows  and 
oxen,  as  well  as  donkeys,  took  his  place,  and  he  strutted  along  behind  the 
plow  handles,  lord  of  all  he  surveyed,  happy  because,  like  Tom  Sawyer,  some¬ 
one  else  was  doing  his  job. 
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HARVESTING  TIME  in  ancient  Egypt.  Donkeys  are  treading  out  the  grain  while 
two  women  are  winnowing  it. 


' 

-Courtesy  McCormick-Deering 


A  MODERN  COMBINE' which  hanests  and  threshes  the  wheat  all  in  one. 
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AN  ANCIENT  EGYPTIAN  hand  plow.  After  Bishop.  Note  man  following  plow 

and  putting  in  seed. 


These  ancient  plows  seem  crude  and  simple,  yet  the  type  survived  until 
comparatively  recent  times.  Around  18  50,  the  Spaniards  introduced  plows 
of  this  type  into  Mexico,  and  thence  to  the  Indians.  In  Arizona  and  North¬ 
ern  Mexico,  as  late  as  1900  A.  D.,  Pima  and  Papago  Indians  were  still  using 
crude  wooden  plows,  some  of  which  were  equipped  with  stone  points,  linger¬ 
ing  remnants  of  Neolithic  times.  The  modern  plow,  with  the  steel  share  and 
mouldboard,  was  not  invented  till  1800,  and  its  inventor  was  none  other 
than  Thomas  Jefferson,  a  former  president  of  the  United  States.  From  these 
humble  beginnings  came  the  mechanized  equipment  of  today,  where  gasoline 
has  displaced  the  ox,  to  draw  not  one  plow  but  many,  so  that  a  single  farmer 
may  do  the  work  of  many  men. 


AN  ANCIENT  PLOW  from  the  valley  of  the  Euphrates.  This  plow  has  a  mechanical 
seeder  attached.  Note  hopper  in  which  grain  is  poured. 
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— Courtesy  John  Deere  Plow  Company 

A  MODERN  PLOW 


The  same  urged  to  get  out  of  work  that  fathered  the  plow  was  instru¬ 
mental  in  the  development  of  the  mechanical  seeder.  It  is  equally  as  far  a 
cry  from  the  one  shown  on  an  ancient  seal  of  the  Euphrates  valley  to  mod¬ 
ern  equipment  as  it  is  from  the  digging  stick  to  giant  tractors  that  turn 
half  a  dozen  furrows  at  once. 

Practically  all  wheat  eaten  by  man  is  in  the  form  of  bread  made  from 
flour  and,  whatever  the  status  of  the  miller  might  have  been,  bakers  have 
long  been  important  and  respected  individuals  in  their  communities.  An  old 
German  lawbook  stipulated  that  the  murderer  of  a  baker  should  be  pun¬ 
ished  by  a  fine  three  times  as  severe  as  the  murderer  of  an  ordinary  man. 
The  early  Greeks  considered  him  so  important  they  made  every  public  baker 
eligible  for  the  position  of  senator.  In  early  England  bakers  were  known  as 
foremen  because  they  were  considered  first-rank  citizens. 
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Even  today  the  age-old  adulation  for  bread  is  still  evident  in  some 
countries.  Certain  natives  of  Morocco  remove  their  shoes  while  eating  it, 
because  they  regard  it  as  the  holy  food;  some  religious  sects  in  India  eat  it 
only  while  kneeling;  and  natives  of  Sicily  regard  it  as  a  sacrilege  to  eat  bread 
with  their  hats  on.  Bakeries  in  Athens  are  blessen  once  a  year  because  of  their 
importance  to  the  community. 

In  primitive  times  the  flour  that  the  bakers  used  came  from  wheat 
that  was  treated  like  wild  seeds,  crushed  between  stones  or  in  a  mortar,  and 
a  modern  survival  of  these  primitive  mills  is  seen  in  the  metate,  which 
many  Mexicans  still  use  to  prepare  corn  meal  for  their  tortillas.  In  early 
Egypt  a  relatively  white  bread  was  made  by  this  method,  which  only  the 
rich  could  afford,  the  poorer  classes  having  to  subsist  on  unleavened  bread 

much  like  that  used  by  the  Swiss  lake  dwellers. 

The  arts  of  milling  and  bread-making  were 
markedly  improved  in  Roman  times.  From 
mortar-and-pestle  grinding  and  metate-like 
grinding  stones  they  progressed  to  the  first 
rotating  mill,  which  was  known  as  a  quern. 
This  consisted  of  a  hollow  stone,  shaped  like 
an  hourglass,  fitting  down  over  a  second  coni¬ 
cal  stone.  Wheat  was  poured  into  the  upper 
portion,  and  running  down  into  the  lower  part, 
was  crushed  between  it  and  the  cone  when  the 
hourglass  was  rotated,  either  by  slave  labor  or 
domestic  animals.  Sieving  or  bolting  of  the 
flour  was  also  included  in  Roman  milling  op¬ 
erations,  and  several  grades  of  flour  were  pro¬ 
duced  by  this  process.  Later  water  power  was 
used  to  rotate  these  querns,  the  banks  of  the 
Tiber  being  lined  with  flour  mills,  and  about 
650  A.  D.,  when  some  Arab  invented  the 
windmill,  these  partially  supplanted  water  as 
a  force  to  drive  the  mills. 

Large,  flattened  millstones,  which  gradually 
took  the  place  of  the  querns,  continued  in  gen¬ 
eral  use  from  Roman  times  until  the  middle 
of  the  19th  century.  Although  the  application 
of  more  efficient  methods  in  the  use  of  water 
power,  and  later  of  steam,  increased  the  capac¬ 
ity  of  the  mills,  there  was  little  change  in  the  actual  grinding  over  a  period 
of  many  centuries. 

About  a  century  ago  French  and  Swiss  engineers  worked  out  a  process 
whereby  rollers  were  used,  instead  of  the  old-fashioned  millstone.  In  this 
process  the  grains  of  wheat  were  broken  down  gradually,  and  by  improving 
the  sieving  operations  and  the  separation  of  the  germ  and  bran  by  air  cur¬ 
rents  between  breakings,  it  became  possible  to  produce  a  very  high  grade  of 
flour,  or  to  produce  many  grades,  each  suitable  for  a  specialized  use.  So,  just 
as  the  digging  stick  became  a  plow,  and  the  flail  graduated  into  a  combine, 
the  primitive  mortar  and  pestle  have  become  a  huge  and  highly  complex 
machine,  housed  in  a  great  building,  and  employing  many  men,  to  furnish 
the  flour  from  which  bread  is  made. 


GREEK  MORTAR  and 
pestle  used  for  making  flour 
about  700  A.  D. 
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As  for  the  bread  itself  (the  ultimate  end  to  which  all  these  operations 
have  pointed) ,  it  has  changed  just  as  greatly  as  have  the  processes  by  which 
it  is  made. 

We  have  seen  that  the  Swiss  lake  dwellers  and  the  early  Egyptians  used 
a  heavy,  dark,  unleavened  bread.  Later,  someone — probably  the  Egyptians — 
discovered  yeast,  and  produced  raised  bread.  Just  when  this  happened  we 


THE  BAKERY  of  King  Rameses.  From  an  Egyptian  tomb  painting. 
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PRUSSIAN  ARMY  bakery.  From  an  old  print. 


- — Courtesy  Petersen  Oven  Co. 


A  MODERN  OVEN 
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have  no  way  of  knowing,  but  this  marks  the  beginning  of  bread  as  we 
know  it.  Of  course,  that  first  bread — even  the  best  of  it— was  nothing  like 
that  we  have  today.  Milling  processes  were  poor,  the  flour  was  coarse,  bran 
and  shorts  were  not  well  separated  from  it,  and  the  result  was  probably 
brown  or  almost  black  in  color,  coarse  in  texture,  and  not  too  palatable. 
Baked  in  mud  ovens,  it  was  an  individual  product.  As  time  went  on,  how¬ 
ever,  the  ovens  improved,  the  flour  was  better  ground  and  cleaner,  and  the 
result  was  that  a  loaf  of  bread  from  the  hands  of  a  good  baker  became 
something  to  be  sought  for.  However,  bread  making  did  not  begin  to  reach 
its  peak  till  the  beginning  of  this  century,  when,  due  to  increased  demands 
of  city  populations,  bakeries  began  to  make  great  strides  forward.  Today, 
almost  untouched  by  hands,  flour  is  turned  into  bread,  emerging  from  long, 
gleaming,  white  and  silver  ovens  to  be  packaged  fresh  each  day,  ready  to 
grace  our  dinner  tables. 


The  following  note  was  taken  from  the  Southwestern  University  Bul¬ 
letin.  Dr.  Godbey  is  so  well-known  to  all  of  us  in  the  Academy  that  it  is 
included  here. 

HOMECOMING,  APRIL  26,  TO 
HONOR  DR.  J.  C.  GODBEY 

April  26th  will  be  Homecoming  Day  for  Southwestern  this  year — with 
a  new  angle — a  good  one.  It  centers  around  a  man  on  the  campus,  a  professor 
at  Southwestern  for  thirty-five  years.  He  holds  the  A.B.  and  M.A.  degrees 
from  Central  College;  was  a  graduate  student  at  the  University  of  Missouri; 
a  fellow  in  Chemistry  at  Vanderbilt  University;  a  graduate  student  at  the 
University  of  Leipzig,  and  was  given  the  honorary  degree  of  Doctor  of 
Science  by  McMurry  College,  Dr.  J.  C.  Godbey. 

Always  vigorous  and  inspiring  in  his  teaching,  Dr.  Godbey  has  rendered 
distinctive  service  to  Southwestern.  Since  June  of  last  year,  three  of  Doc’s 
science  majors  have  received  appointments  to  the  atomic  energy  program 
conducted  by  General  Electric.  Five  out  of  six  Southwestern  applicants  for 
admission  to  medical  schools  in  the  state  were  accepted  this  past  year— a 
record  hardly  paralleled  by  any  other  institution  in  Texas,  Southwestern  and 
Austin  College  having  the  highest  percentage  of  medical  acceptances  of  all 
colleges  and  universities  in  the  state. 

Dr.  Godbey  has  served  as  coach,  band  director  and  instructor  in  English, 
and,  of  course,  as  chairman  of  the  Division  of  Natural  and  Applied  Sciences 
and  Professor  and  Head  of  the  Department  of  Chemistry. 

A  portrait  has  been  commissioned,  to  be  presented  during  Homecoming, 
which  will  hang  in  the  new  science  building  upon  its  completion.  It  was 
quite  a  job  getting  Doc  to  take  time  from  his  classes  to  sit  for  it  but  the 
portrait  will  soon  be  finished — and  Doc’s  sitting  up  late  at  night  grading 
papers. 

Many  exes  have  expressed  their  happiness  over  the  plans  for  this  year  s 
program  and  told  us  that  they’re  coming.  Among  others  there’s  Pete  Caw- 
thon.  Let’s  make  it  a  busy  week  end  and  loaded  with  Exes. 
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AN  ILLUSTRATED  CHECK  LIST  OF  THE 
MARINE  MOLLUSKS  OF  TEXAS 


T.  E.  PULLEY 
Biology  Department 
University  of  Houston 


Although  many  authors  have  recognized  and  deplored  the  lack  of  infor¬ 
mation  concerning  the  fauna  of  the  northern  and  western  Gulf  of  Mexico, 
at  least  450  species  of  marine  mollusks  have  been  recorded  in  the  literature 
as  occurring  in  Texas.  Many  of  these  records  are  obviously  in  error  while 
others  are  extremely  doubtful.  The  purpose  of  this  paper  is  to  bring  together 
all  of  the  species  reported  in  an  attempt  to  decide  which  ones  are  actually 
members  of  the  Texas  fauna. 

The  first  publication  to  enumerate  the  mollusks  of  Texas  was  published 
by  Dali  (1889)  in  a  catalogue  of  the  mollusks  and  brachiopods  of  the  south 
east  coast  of  the  United  States  including  the  Gulf  of  Mexico.  In  this  cata¬ 
logue  Dali  listed  as  occurring  in  Texas  all  the  species  found  from  the  Miss¬ 
issippi  delta  to  the  Rio  Grande  and  also  the  deep  water  forms  living  on  the 
continental  slope  southward  to  the  Yucatan  Peninsula.  Many  of  these  deep 
water  species  had  been  described  by  Dali  from  material  collected  by  the 
steamer  Blake  in  1877-1878  in  the  Florida  Straits  and  in  the  Straits  of  Yuca¬ 
tan.  One  extremely  rich  haul  from  450  fathoms  in  the  Florida  Straits  and 
another  from  640  fathoms  in  the  Straits  of  Yucatan  included  many  identical 
species,  some  of  which  were  also  taken  in  294  fathoms  off  Fernandina,  Florida. 
These  facts  probably  confirmed  Dali’s  belief  that  living  conditions  were  quite 
uniform  in  the  depths,  and  that  most  deep  sea  species  had  widely  extended 
distribution  patterns. 

Although  not  enough  dredging  in  deep  water  has  been  done  to  confirm 
or  deny  Dali’s  belief  in  wide  distribution  of  deep  sea  mollusks,  other  factors 
which  Dali  did  not  consider  should  be  mentioned.  The  specimens  on  which 
Dali  based  his  descriptions  were  in  many  cases  dead  shells,  and  most  of  them 
were  quite  small.  They  could  have  come  from  the  nearby  shallow  water  and 
been  deposited  adventitiously  in  the  depths.  That  this  is  possible  is  shown 
by  the  fact  that  many  known  shallow  water  West  Indian  species  were  taken 
in  the  same  dredge  hauls.  Our  limited  knowledge  of  the  smaller  West  Indian 
shells  increases  the  possibility  that  at  least  some  of  the  species  Dali  described 
were  not  actually  living  in  the  deep  water  where  they  were  taken. 

Another  factor  that  must  be  considered  is  the  recent  knowledge  of  the 
current  systems  operating  in  the  Gulf  of  Mexico.  According  to  recent  infor¬ 
mation,  most  of  the  water  which  sweeps  into  the  Gulf  of  Mexico  through 
the  Straits  of  Yucatan  turns  directly  eastward  to  pass  through  the  Florida 
Straits  and  then  northward  along  the  east  coast  of  Florida  to  form  the  well 
known  Gulf  Stream.  The  Gulf  of  Mexico  itself  plays  little  or  no  part  in 
the  mechanics  of  the  stream  which  bears  its  name,  and  remains  effectually 
isolated  with  temperature  and  salinity  characteristics  which  are  different  from 
either  the  stream  or  the  Caribbean  Sea.  Independent  currents  are  known  to 
exist  in  the  Gulf,  but  they  have  not  been  sufficiently  studied  as  yet  to  pro¬ 
vide  even  a  general  outline  of  the  circulation. 
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From  this  brief  description  of  the  currents  it  can  be  seen  that  it  is  not 
surprising  to  find  the  same  species  in  the  Straits  of  Yucatan,  the  Florida 
Straits,  and  off  northeast  Florida,  but  whether  they  also  occur  in  the  northern 
Gulf  of  Mexico  is  somewhat  more  doubtful. 

In  addition  to  these  deep  water  forms  which  Dali  reported  from  Texas 
are  a  number  of  shallow  water  West  Indian  species  which  live  on  rocks  or 
coral  and  are  thus  excluded  from  the  sandy  Texas  shoreline.  It  must  be  re¬ 
membered  that  little  collecting  had  been  done  in  Texas  at  the  time  Dali 
published  his  catalogue,  and  many  of  his  records  are  based  on  guesswork. 
In  spite  of  these  shortcomings  the  value  of  Dali’s  catalogue  should  not  be 
minimized.  Its  unfortunate  result,  however,  has  been  that  subsequent  authors 
have  frequently  repeated  Dali’s  errors,  so  that  species  which  do  not  occur 
in  Texas  have  been  listed  by  several  authors. 

The  first  exclusive  lists  of  Texas  Mollusca  were  published  by  Singley 
(1892  and  1892a).  In  the  list  appearing  in  the  Bulletin  of  the  U.  S.  Fish 
Commission,  Singley  listed  all  the  species  that  he  and  Gurley  had  collected 
the  previous  year  while  making  a  survey  of  the  state  for  the  Fish  Commis¬ 
sion.  This  list  included  land,  fresh  water,  and  marine  material  and  covered 
128  species  with  locality  data  and  estimates  of  abundance.  The  list  pub¬ 
lished  in  the  Geological  Survey  Report  was  essentially  the  same  list  to  which 
had  been  added  all  the  species  listed  by  Dali  as  occurring  in  Texas  but  not 
confirmed  by  local  collections. 

A  few  years  later,  Mitchell,  in  two  undated  papers,  listed  all  the  species 
which  he  had  collected  between  Matagorda  Bay  and  Padre  Island.  Mitchell’s 
lists  are  quite  accurate  and  include  many  interesting  observations  concern¬ 
ing  the  habits  and  ecology  of  the  mollusks  he  collected. 

After  Mitchell’s  papers  nothing  was  published  concerning  the  marine 
mollusks  of  Texas  until  Maury  (1920  and  1922)  brought  out  her  lists  of 
the  recent  and  later  Tertiary  species  from  the  Gulf  states.  Although  most  of 
Maury’s  recent  records  were  based  on  the  publications  of  Dali,  Singley,  and 
Mitchell,  she  did  not  quote  those  authors  directly,  and  it  cannot  be  deter¬ 
mined  which  of  her  records  were  based  on  personal  observation. 

Shortly  after  the  death  of  C.  W.  Johnson  there  was  published  in  1934 
his  list  of  the  marine  mollusks  from  Labrador  to  Texas.  In  this  list,  which 
was  essentially  Dali’s  catalogue  brought  up  to  date,  Johnson  quoted  most 
of  the  deep  water  species,  which  Dali  had  reported  from  Texas,  only  as  occur- 
ing  in  the  Gulf  of  Mexico.  A  number  of  Dali’s  errors  concerning  shallow 
water  species  were  repeated. 

Following  the  death  of  John  Kern  Strecker  in  1933,  Walter  J.  Williams, 
curator  of  the  Baylor  University  Museum,  collected  the  unpublished  manu¬ 
scripts  of  Strecker  and  published  them  in  the  Baylor  Bulletin.  In  the  section 
dealing  with  marine  mollusks,  Strecker  (193  5)  included  locality  data  from 
his  personal  collection  as  well  as  from  the  collections  of  contemporaries  and 
also  from  the  reports  of  Singley  and  Mitchell.  In  a  separate  section,  Strecker 
listed  all  the  species  reported  by  Dali,  but  which  had  not  been  confirmed 
by  other  authors  or  collectors. 

A  small  publication  by  Reed  (1941)  included  in  its  appendix  a  list  of 
176  species  of  mollusks  collected  along  the  Texas  coast  by  the  author.  No 
definite  locality  data  are  given,  and  many  of  the  species  reported  are  repeti¬ 
tions  of  the  errors  first  made  by  Dali. 
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Stenzel  (1940)  published  in  the  Nautilus  a  list  of  marine  mollusks  from 
Port  Isabel  based  on  a  collection  made  by  the  Bureau  of  Economic  Geology. 
The  identifications  were  in  most  cases  accurate  and  no  references  were  made 
to  the  literature. 

Another  list  of  Texas  mollusks  was  published  by  the  present  author, 
Pulley  (1949)  in  the  Texas  Journal  of  Science.  This  list,  unfortunately,  con¬ 
tained  some  errors  of  identifications,  and  also,  due  to  regrettable  circum¬ 
stances,  was  not  proof-read  and  thus  included  a  number  of  typographical 
errors.  It  is  hoped  that  the  present  paper  will  rectify  previous  mistakes. 

Whitten,  Rosene,  and  Hedgpeth  (1950)  in  a  survey  of  the  inverte¬ 
brate  fauna  of  the  Texas  coast  jetties  recorded  26  species  of  mollusks  living 
on  or  near  the  jetties.  Although  two  of  these  species,  Nerita  versicolor  and 
Cantharus  tinctus,  do  live  in  Veracruz,  Mexico,  it  is  doubtful  if  they  ever 
occur  in  Texas.  The  rest  of  their  identifications  are  apparently  correct,  but 
some  of  their  observations  concerning  the  zonation  of  species  from  the  land¬ 
ward  to  the  seaward  ends  of  the  jetties  require  confirmation. 

The  most  recent  publication  concerning  the  mollusks  of  Texas  is  an 
ecological  survey  of  brackish  and  marine  assemblages  by  Harry  S.  Ladd 
(1952).  Most  of  the  mollusk  determinations  are  correct,  with  the  exception 
of  Tellina  texana  which  should  be  Macoma  mitchelli.  A  word  of  caution  is 
advised,  however,  in  comparing  present  hydrographic  data  with  faunal  lists 
which  include  dead  shells.  Both  Aransas  and  Corpus  Christi  Bays  overlie  late 
Pleistocene  deposits  of  inter-glacial  age  which  contain  fossils  of  shells  that 
now  live  no  further  north  than  central  Mexico.  Another  source  of  possible 
error  is  the  presence  of  fossil  Pleistocene  shells  in  the  bay  areas  for  species 
that  live  only  in  the  open  Gulf. 

In  addition  to  the  figures  included  here,  a  number  of  illustrated  refer¬ 
ences  are  available  for  the  purpose  of  identification.  Probably  the  most  com¬ 
plete  is  East  Coast  Marine  Shells  by  Maxwell  Smith  (1945)  which  includes 
descriptions  of  shells,  photographs,  and  ranges,  most  of  which  were  taken 
from  Johnson’s  list.  Another  similar  publication,  although  more  limited  in 
extent,  is  Marine  Shells  of  Southwest  Florida  by  Louise  M.  Perry  (1940). 
The  photographs  in  this  book  are  far  superior  to  those  of  Maxwell  Smith 
although  not  as  many  species  are  included.  A  recent  popular  publication,  A 
Field  Guide  to  the  Shells,  by  Percy  Morris  (1947)  has  some  excellent  illustra¬ 
tions,  both  in  color  and  black  and  white,  although  a  few  shells  are  misidenti- 
fied.  Another  small  popular  book  with  good  illustrations  is  Florida  Sea  Shells 
by  Aldrich  and  Snyder  (1936). 

The  most  authoritative  of  modern  publications  concerning  the  mollusks 
of  the  western  Atlantic  is  Johnsonia  published  by  the  Department  of  Mol¬ 
lusks  of  the  Museum  of  Comparative  Zoology  at  Harvard  University  and 
edited  by  William  J.  Clench.  Although  relatively  few  of  the  families  and 
genera  of  mollusks  have  been  covered  as  yet,  their  treatment  is  complete, 
including  full  synonymy,  descriptions,  illustrations,  types,  ranges,  and  rec¬ 
ords.  This  publication,  when  completed,  should  mark  the  end  of  much  of 
the  confusion  which  now  exists  in  the  field  of  malacology. 

In  the  following  list  the  order  of  presentation  is  according  to  the  system 
of  Thiele  (1931  and  193  5).  For  each  species,  the  occurrence  of  which  has 
been  confirmed  by  the  present  author,  some  remarks  are  given  as  to  its  range 
on  the  Texas  coast.  For  unconfirmed  species,  the  name  of  the  reporting 
author  is  given,  the  locality  where  it  is  known  to  occur,  and  wherever  possi¬ 
ble,  a  statement  is  made  as  to  whether  its  presence  on  the  Texas  coast  is 
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likely  or  doubtful.  No  attempt  has  been  made  to  include  synonymies,  and 
many  of  the  species  attributed  here  to  other  authors  bear  the  names  which 
are  now  considered  correct  rather  than  the  names  under  which  they  have 
appeared  in  lists  of  Texas  shells. 

class  GASTROPODA 
subclass  PROSOBRANCHIA 
order  ARCHAEOGASTROPODA 

family  PLEUROT OMAR1IDAE 

Pleurotomaria  quoyana  Fischer  &  Bernardi  1856 — Reported  by  Dali. 

Does  live  in  Gulf  of  Mexico  from  73-130  fathoms. 

family  F1SSURELL1DAE 

Diadora  cayenensis  Lamarck  1822 — Plate  1,  Fig.  1. — Well  preserved  dead  shells  from 
the  Gulf  beaches  of  St.  Joseph,  Mustang,  and  Padre  Islands.  Worn  dead  shells 
from  Bolivar  Peninsula  and  Galveston  Island. 

Pissurella  barbadensis  Gmelin  1792 — Reported  by  Reed.  May  be  on  offshore  coral 
banks. 

Puncturella  triangulata  Dali  1889 — Reported  by  Dali.  Found  in  294  fathoms  off 
Fernandina,  Florida. 

Puncturella  trifolium  Dali  1881 — Reported  by  Dali.  Found  in  the  Florida  Straits 
and  at  640  fathoms  in  the  Straits  of  Yucatan. 

Puncturella  watsoni  Dali  1889 — Reported  by  Dali.  Does  live  in  the  Gulf  of  Mexico 
between  100  and  200  fathoms. 

family  ACMAE1DAE 

Acmaea  antillarum  Sowerby  1831 — Reported  by  Dali,  Reed,  and  Maury.  Does  live 
in  the  Florida  Keys  and  West  Indies,  and  may  be  on  the  offshore  coral  banks. 
Acmaea  leucopleura  Gmelin  1792 — Reported  by  Reed.  Does  live  in  the  Florida  Keys 
and  West  Indies,  and  may  be  on  the  offshore  coral  banks. 

family  T  ROC  HI  DAE 

Basilissa  costulata  depressa  Dali  1889 — Reported  by  Dali.  Found  in  the  Yucatan 
Straits  at  640  fathoms. 

Calliostoma  circumcinctum  Dali  1881 — Reported  by  Dali.  Found  in  the  Florida 
Straits,  Straits  of  Yucatan,  and  the  West  Indies  from  640  to  805  fathoms. 
Calliostoma  euglyptum  A.  Adams  1854 — A  single  specimen  was  taken  by  a  shrimper 
off  Port  Isabel. 

Calliostoma  jujubinum  Gmelin  1792 — One  specimen  seen  from  coral  banks  100 
miles  off  Galveston. 

Calliostoma  pulcher  C.  B.  Adams  1850 — Reported  by  Dali,  Johnson,  and  Maury. 
May  be  on  offshore  coral  banks. 

Calliostoma  roseolum  Dali  1889 — Reported  by  Dali  and  Johnson.  May  be  on  off¬ 
shore  coral  banks. 

Calliostoma  tiara  Watson  1879 — Reported  by  Dali.  Has  been  taken  in  the  Florida 
Straits  and  West  Indies  from  220  to  780  fathoms. 

Eegula  fasciata  Born  1780 — Plate  1,  Figs. 2-4. — Dead  shells  are  fairly  common  around 
Port  Aransas. 

family  SEGUENZUDAE 

Seguenzia  monocingulata  Seguenza  1876 — Reported  by  Dali.  Known  from  the  Gulf 
of  Maine  to  the  Gulf  of  Mexico  in  100  to  2033  fathoms. 

Seguenzia  trispinosa  Watson  1878 — Reported  by  Dali.  Known  from  off  North  Caro¬ 
lina  to  the  Gulf  of  Mexico  in  294  to  675  fathoms. 

family  TURBINIDAE 

Leptothyra  induta  Watson  1879 — Reported  by  Dali  and  Johnson.  Known  from  off 
North  Carolina,  the  Gulf  of  Mexico,  and  the  West  Indies  from  15  to  2805 
fathoms. 
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family  NER1TIDAE 

Nerita  peleronta  Linne  1758 — Reported  by  Dali.  Not  found  in  Texas. 

Nerita  tessellata  Gmelin  1791— Reported  by  Dali  and  Maury.  Not  found  in  Texas. 

Nerita  versicolor  Gmelin  1791 — Reported  by  Whitten.  Not  found  in  Texas. 

Neritina  reclivata  Say  1822 — Reported  by  Dali,  Singley,  Strecker,  and  Maury.  May 
live  in  Texas. 

Neritina  virginea  Linne  1758 — Plate  1,  Fig.  5. — Found  at  Port  Aransas  and  Port 
Isabel  living  in  the  bays. 

Smaragdia  viridis  Linne  1758 — Reported  by  Dali.  Not  found  in  Texas. 

order  MESOGASTROPODA 
family  LITTORINIDAE 

Echinella  nodulosa  Gmelin  1790 — Reported  by  Dali  and  Maury.  Not  found  in  Texas. 

Littorina  angulifera  Lamarck  1822 — Reported  by  Dali,  Johnson,  Reed,  and  Maury. 
Probably  does  not  live  in  Texas. 

Littorina  irrorata  Say  1822 — Plate  1,  Fig.  10. — Commonly  found  in  all  the  bays 
living  above  water  on  the  marsh  grass.  Rarer  to  the  south  around  Port  Isabel. 

Littorina  mespillum  Philippi  1847 — Reported  by  Dali,  Johnson,  Reed,  and  Maury. 
May  occur  but  must  be  rare. 

Littorina  nebulosa  Lamarck  1822 — Plate  1,  Figs.  6-7. — A  large  colony  was  found  once 
on  wooden  pilings  in  the  Port  Aransas  jetty  and  on  an  old  pier  nearby  extend¬ 
ing  into  the  Gulf. 

Littorina  ziczac  Gmelin  1792 — Plate  1,  Fig.  11. — Common  on  all  the  jetties  of  the 
Texas  coast. 

Tectarius  muricatus  Linne  1758 — Reported  by  Reed.  Does  not  live  in  Texas. 
family  TRUNCATELL1DAE 

Truncatella  caribaensis  Sowerby  1842 — Reported  by  Singley. 

Truncatella  pulchella  Pfeiffer  1839 — Plate  5,  Fig.  1. — A  large  colony  was  found  on 
Harbor  Island,  near  Port  Aransas. 

FAMILY  RISSOIDAE 

Alvania  acuticostata  Dali  1889 — Reported  by  Dali.  A  West  Indian  species  living 
from  32  to  683  fathoms. 

Alvania  precipitata  Dali  1889 — Reported  by  Dali.  Known  from  the  Florida  Straits 
and  the  Straits  of  Yucatan  between  498  and  640  fathoms. 

Benthonella  fischeri  Dali  1889 — Reported  by  Dali.  A  deep  water  West  Indian  species 
living  from  940  to  1060  fathoms. 

Benthonella  gaza  Dali  1889 — Reported  by  Dali.  Known  from  off  Georgia  to  the 
Florida  Straits  in  6  to  463  fathoms. 

family  RISSOINIDAE 

Rissoina  chesnelii  Michaud  1832 — Reported  by  Singley  and  Maury.  Some  unidenti¬ 
fied  Rissoina  from  Port  Aransas  may  belong  to  this  species,  but  they  appear  to 
be  more  closely  allied  to  Rissoina  bryerea  Montagu. 

Rissoina  laevigata  C.  B.  Adams  1850- — Plate  5,  Fig.  2. — Dead  shells  are  common  in 
the  beach  drift  from  Port  Aransas. 

Rissoina  sagraiana  D’Orbigny  1842 — -Reported  by  Dali.  A  West  Indian  species  prob¬ 
ably  not  found  in  Texas. 

family  TURRIT ELL1DAE 

Turrit ella  exoleta  Linne  1758 — Reported  by  Dali.  A  West  Indian  species  found 
from  45  to  170  fathoms.  Probably  does  not  live  in  Texas. 

Turrit  ella  variegata  Linne  1758 — Reported  by  Dali,  Johnson,  Reed,  and  Maury. 
Probably  misidentification  of  V ermicularia. 

Turrit  ella  yucatecana  Dali  1881 — Reported  by  Dali.  Known  from  the  Straits  of 
Yucatan  in  640  fathoms. 

family  MAT H1LDIIDAE 

Mathilda  yucatecana  Dali  1889 — Reported  by  Dali.  Known  from  off  Georgia  in  440 
fathoms,  off  Fernandina,  Florida  in  294  fathoms,  and  the  Yucatan  Straits  in 
640  fathoms. 
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family  ARCHITECT ONICIDAE 

Architectonica  granulata  Lamarck  1816 — Plate  1,  Figs.  12-13. — Lives  offshore  in  10 
or  more  fathoms.  Worn  dead  shells  are  occasionally  found  at  Galveston,  while 
fresher  shells  are  progressively  more  common  to  the  south. 

Torinia  canalifera  "C.  B.  Adams”  Dali  1889 — Reported  by  Dali. 

Torinia  cylindrica  Gmelin  1790 — Reported  by  Dali. 

family  VERMETIDAE 

Bivonia  exserta  Dali  1881 — Reported  by  Dali.  A  West  Indian  species  living  from 
31  to  1002  fathoms. 

Vermetus  irregularis  varians  D’Obigny  1843 — Reported  by  Reed.  A  West  Indian 
species,  probably  not  found  in  Texas. 

Vermetus  nigricans  Dali  1883  and  1889 — Reported  by  Dali.  Lives  from  Tampa, 
Florida  to  the  Florida  Keys. 

V ermicularia  fargoi  Olsson  1951 — Plate  1,  Figs.  8-9. — Dead  shells  common  in  beach 
drift  from  Port  Aransas  and  Port  Isabel,  rare  at  Galveston. 

family  CAECIDAE 

Caecum  pulchellum  Stimpson  1851 — Plate  5,  Fig.  6. — Common  in  beach  drift  at 
Port  Aransas,  occasional  at  Galveston. 

Meioceras  nitidum  Stimpson  1851- — Plate  5,  Fig.  7. — Common  in  beach  drift  at 
Port  Aransas,  occasional  at  Galveston. 

family  M ODUL1DAE 

Modulus  modulus  Linne  1758 — Plate  1,  Figs.  14-15. — Dead  shells  common  around 
Port  Aransas,  and  occasional  at  Port  Isabel. 

family  CERITHIIDAE 

Batillaria  minima  Gmelin  1792 — Reported  by  Reed.  Probably  does  not  live  in  Texas. 

Bittium  cerithidoides  Dali  1889 — Reported  by  Singley.  A  West  Indian  species  prob¬ 
ably  not  found  in  Texas. 

Bittium  varium  Pfeiffer  1840 — Plate  5,  Fig.  4.— Dead  shells  common  in  beach  drift 
all  along  coast. 

Cerithidea  pliculosa  Menke  1829 — Plate  1,  Figs.  16-17. — Rare  in  Galveston  Bay,  but 
common  in  the  bays  to  the  south.  Mostly  dead  shells. 

Cerithidea  scalariformis  Say  1825 — Reported  by  Dali,  Johnson,  and  Reed.  Probably 
does  not  live  in  Texas. 

Cerithidea  turrita  Stearns  1873 — Reported  by  Johnson  and  Reed.  Probably  does  not 
live  in  Texas. 

Cerithium  ehurneum  Bruguierre  1792 — Reported  by  Singley.  A  West  Indian  species 
which  probably  does  not  live  in  Texas. 

Cerithium  variahile  C.  B.  Adams  1848 — Plate  1,  Figs.  18-19. — Common  around  Port 
Aransas  and  Port  Isabel.  Mostly  dead  shells,  but  a  few  live  ones  found  on 
Harbor  Island  near  Port  Aransas. 

family  CERIT  HI  OP  SI  DAE 

Cerithiopsis  greeni  C.  B.  Adams  1839 — A  few  dead  shells  found  at  Port  Aransas. 

Cerithiopsis  subulata  Montagu  1808 — Reported  by  Dali. 

Seila  a  dam  si  H.  C.  Lea  1845 — A  few  dead  shells  found  at  Port  Aransas. 

family  TRIPHORIDAE 

Triphora  abrupta  Dali  1881 — Reported  by  Dali.  Known  from  640  fathoms  in  the 
Straits  of  Yucatan. 

Triphora  bigemma  hircus  Dali  1881 — Reported  by  Dali.  Known  from  640  fathoms 
in  the  Straits  of  Yucatan. 

Triphora  cylindrella  Dali  1881 — Reported  by  Dali.  Known  from  640  fathoms  in  the 
Straits  of  Yucatan. 

Triphora  torticula  Dali  1881 — Reported  by  Dali.  Known  from  640  fathoms  in  the 
Straits  of  Yucatan. 

Triphora  colon  Dali  1881 — Reported  by  Dali.  Known  from  450  fathoms  in  the 
Florida  Straits. 
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Triphora  ibex  Dali  1889 — Reported  by  Dali.  Known  from  450  fathoms  in  the  Florida 
Straits. 

Triphora  inf  lata  Watson  1880 — -Reported  by  Dali.  Known  from  off  Fernandina, 
Florida  in  294  fathoms  and  the  Straits  of  Yucatan  in  640  fathoms. 

Triphora  perversa  nigrocincta  C.  B.  Adams  1839 — A  few  fresh  dead  shells  from 
Port  Aransas. 

FAMILY  LITIOPIDAE 

Litiopa  bombyx  Rang  1829 — Plate  5,  Fig.  5. — Lives  on  Sargassum  weed  and  may 
be  found  on  any  of  the  Gulf  beaches  after  large  amounts  of  weed  have  washed 
ashore. 

family  EPITON1IDAE 

Epitonium  angulatum  Say  1831 — Plate  3,  Fig.  17. — A  large  number  of  living  shells 
were  once  found  near  the  Galveston  jetty.  Dead  shells  have  been  found  oc¬ 
casionally  on  Galveston  and  Mustang  Islands. 

Epitonium  krebsi  Morch  1874 — Reported  by  Johnson,  Reed,  and  Singley  as  E. 
contarquatum  Dali.  This  species  probably  does  not  live  in  Texas,  but  may  be 
offshore. 

Epitonium  humphreysi  Kiener  1845 — Dead  shells  have  been  found  at  Galveston 
and  Port  Aransas. 

Epitonium  rupicolum  Kurtz  I860 — Dead  shells  have  been  found  at  Galveston,  Port 
Aransas,  and  Port  Isabel. 

Epitonium  venosa  Sowerby  1844 — Reported  as  E.  modestum  by  Johnson,  Reed,  and 
Singley.  Does  not  live  in  Texas. 

Epitonium  multistriatum  Say  1826 — A  few  dead  shells  have  been  found  at  Galveston 
and  Port  Aransas. 

Epitonium  scipio  Dali  1889  and  1902 — Reported  by  Dali.  Probably  does  not  live  in 
Texas. 

Epitonium  sericifiLum  Dali  1889 — Reported  by  Dali,  Singley,  Johnson,  and  Reed. 
Probably  does  not  live  in  Texas. 

Epitonium  occidentale  Nyst  1871 — Reported  by  Dali  and  Johnson  as  E.  tenuis.  Does 
not  live  in  Texas. 

Epitonium  turriculum  Sowerby  1847- — Reported  by  Singley.  Probably  does  not  live 
in  Texas. 

Amaea  mitchelli  Dali  1896  and  1902 — A  rare  species.  Worn  shells  or  fragments 
have  been  found  on  Galveston,  Matagorda,  and  Mustang  Islands. 

family  JANTHINIDAE 

Janthina  globosa  Swainson  1822 — Plate  1,  Fig.  32. — Rare  on  Galveston,  St.  Joseph, 
Mustang,  and  Padre  Islands. 

Janthina  janthina  Linne  1767 — Plate  1,  Fig.  33. — Occasional  at  Galveston.  Some¬ 
times  common  on  St.  Joseph,  Mustang,  and  Padre  Islands. 

family  M ELANELLIDAE 

Melanella  conoidea  Kurtz  and  Stimpson  1851 — Reported  by  Singley.  Some  unidenti¬ 
fied  shells  from  Port  Aransas  may  belong  to  this  species. 

Melanella  fusus  Dali  1 889-— Reported  by  Dali.  Known  from  294  fathoms  off  Fer¬ 
nandina,  Florida  and  640  fathoms  in  the  Straits  of  Yucatan. 

Melanella  gibba  DeFolin  1867 — Reported  by  Dali. 

Melanella  gracilis  C.  B.  Adams  1850 — Reported  by  Dali. 

Niso  interrupta  Sowerby  1834 — Plate  4,  Fig.  1. — Occasional  dead  shells  from  Gal¬ 
veston,  Port  Aransas,  and  Port  Isabel. 

family  PY RAMI DELLI DAE 

Odostomia  impressa  Say  1822 — Commonly  found  living  on  oysters  in  all  the  bays. 

Pyramidella  crenulata  Holmes  1859 — Reported  by  Singley. 

Turbonilla  curta  Dali  1889 — Reported  by  Dali. 

Turbonilla  interrupta  Totten  1835 — -Reported  by  Singley. 

Turbonilla  nivea  Stimpson  1851 — Reported  by  Singley. 

Turbonilla  obeliscus  C.  B.  Adams  1850 — Reported  by  Singley. 

Turbonilla  reticulata  C.  B.  Adams  1850— Reported  by  Singley. 


174 


The  Texas  Journal  of  Science 


1952,  No,  2 
June  30 


family  CALYPTRAEIDAE 

Cheilea  equestris  Linne  1758 — Reported  by  Dali  and  Johnson.  Lives  in  deep  water 
(152-189  fathoms)  and  may  occur  offshore. 

Crucibulum  auricula  Gmelin  1780 — A  few  live  specimens  have  been  taken  in  20-30 
fathoms  off  Port  Isabel. 

family  CREPIDULIDAE 

Crepidula  aculeata  Gmelin  1792 — Reported  by  Dali,  Johnson,  and  Reed.  Does  not 
live  in  Texas. 

Crepidula  fornicata  Linne  1767 — Plate  1,  Figs.  24-25. — Dead  shells  occasionally  com¬ 
mon  on  all  Gulf  beaches.  Living  specimens  have  been  found  at  Port  Aransas 
attached  to  Oliva  say  ana. 

Crepidula  glauca  Say  1822 — Plate  1,  Figs.  20-21. — Live  shells  have  been  seen  once  at 
Port  Aransas  attached  to  a  living  Pecten. 

Crepidula  plana  Say  1822 — Plate  1,  Figs.  22-23. — Common  all  along  the  coast,  living 
on  oyster  shells  or  inside  hermit  crab  shells. 

family  STROMB1DAE 

Strombus  costatus  Gmelin  1790 — Reported  by  Reed.  Does  not  live  in  Texas. 

Strombus  pugilis  alatus  Gmelin  1790 — Plate  2,  Fig.  7. — Living  specimens  have  been 
taken  by  shrimpers  off  Port  Isabel.  Worn  dead  shells  are  rare  on  Galveston 
Island,  and  fresher  shells  are  somewhat  more  common  on  the  beaches  to  the 
south. 

family  ATLANT1DAE 

Atlanta  peroni  LeSueur  1817 — Reported  by  Dali  and  Reed.  A  pelagic  species  that 
may  occur  offshore. 

Oxy gyrus  keraudreni  LeSueur  1817 — Reported  by  Dali.  A  pelagic  species  that  may 
occur  offshore. 

family  CAR1N AR11DAE 

Carinaria  mediterranea  Peron  and  LeSueur — Reported  by  Reed.  A  pelagic  species 
that  may  occur  offshore. 

family  NATICIDAE 

Natica  canrena  Linne  1758 — Reported  by  Dali  and  Reed.  Does  not  occur  in  Texas. 

Natica  pusilla  Say  1822 — Plate  4,  Fig.  4. — Beach  worn  shells  occasionally  found  from 
Bolivar  Peninsula  to  Padre  Island.  More  common  to  the  south. 

Polinices  brunnea  Link  1807 — Reported  by  Dali,  Johnson,  and  Reed.  Does  not 
occur  in  Texas. 

Polinices  duplicata  Say  1822 — Plate  1,  Figs.  28-29. — Common  all  along  the  coast  in 
the  shallow  water  of  the  Gulf  and  in  bays  of  high  salinity. 

Polinices  lactea  Guilding  1833 — Reported  by  Dali,  Johnson,  and  Reed.  Does  not 
occur  in  Texas. 

Polinices  leptalea  Watson  1881 — Reported  by  Dali.  Known  from  450  fathoms  in 
the  Florida  Straits  and  640  fathoms  in  the  Straits  of  Yucatan. 

Polinices  tenuis  Recluz  1850 — Reported  by  Dali.  Known  from  off  North  Carolina 
and  640  fathoms  in  the  Straits  of  Yucatan. 

Sinum  perspectivum  Say  1831 — Plate  1,  Figs.  26-27. — Occasional  from  Bolivar 
Peninsula  to  Port  Isabel.  Shells  larger  and  more  common  to  the  south. 

family  LAMELLAR1IDAE 

Lamellaria  rangi  Bergh  1853 — Reported  by  Dali. 

family  CYPRAEIDAE 

Cypraea  cinerea  Gmelin  1790 — A  few  dead  shells  were  taken  from  the  coral  banks 
100  miles  off  Galveston. 

Cypraea  exanthema  Linne  1767 — Dead  shells  are  sometimes  found  on  Padre  Island. 
It  probably  lives  on  the  offshore  coral  banks. 

Cypraea  exanthema  cervus  Linne  1771 — Reported  by  Reed.  May  live  on  offshore  coral 
banks. 

Erato  maugeriae  Gray  1832 — Reported  by  Dali  and  Johnson. 

Trivia  pediculus  Linne  1767 — Reported  by  Reed.  May  live  on  offshore  coral  banks. 

Trivia  suffusa  Gray  1832— -Reported  by  Dali.  Probably  does  not  live  in  Texas. 
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FAMILY  OVULIDAE 

Simnia  intermedia  Sowerby  1848 — One  live  specimen  from  a  buoy  off  St.  Joseph 
Island  and  a  fresh  dead  shell  from  Port  Isabel. 

Simnia  uniplicata  Sowerby  1848 — Plate  4,  Fig.  2. — Rare  on  St.  Joseph,  Mustang, 
and  Padre  Islands.  Lives  on  whip  coral,  Leptogorgia . 

family  CASSIDIDAE 

Cypraecassis  testiculus  Linne  1758 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Oniscidia  dennisoni  Reeve  1842 — Reported  by  Dali.  A  deep  water  West  Indian 
species  which  probably  does  not  occur  in  Texas. 

Phalium  granulatum  Born  1780 — Plate  2,  Figs.  4  and  6. — -Occasional  dead  and  rare 
live  specimens  on  St.  Joseph,  Mustang,  and  Padre  Islands. 

family  CYMAT11DAE 

Cymatium  chlorostomum  Lamarck  1822 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Cymatium  costatum  Born  1778 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Cymatium  cynocephalum  Lamarck  1822 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Distorsio  clathrata  Lamarck  1822 — Plate  2,  Fig.  10. — Live  specimens  have  been  taken 
by  shrimpers  off  Port  Isabel.  Dead  shells  are  rare  on  Mustang  and  Padre 
Islands. 

Gyrineum  affine  cubanianum  d’Orbigny  1853 — Reported  by  Dali.  Probably  does 
not  occur  in  Texas. 

FAMILY  PI  RU  LI  DAE 

Ficus  papyratia  Say  1822 — Reported  by  Dali  and  Clench.  Not  found  in  Texas. 
Specimens  in  the  Museum  of  Comp.  Zool.  labelled  "Texas”  probably  came 
from  shrimpers  working  off  Mexico. 

family  TONNIDAE 

Tonna  galea  Linne  1758 — Plate  2,  Fig.  8. — Live  specimens  have  been  taken  by 
shrimpers  off  Port  Aransas  and  Port  Isabel.  Dead  shells  are  rare  on  St.  Joseph, 
Mustang,  and  Padre  Islands. 

order  STENOGLOSSA 
family  MURICIDAE 

Aspella  obelisca  A.  Adams  1851 — Reported  by  Dali  and  Johnson. 

Aspella  paupercula  C.  B.  Adams  1850 — Reported  by  Dali. 

Murex  cabritii  Barnardi  1859 — Reported  by  Johnson.  Probably  does  occur  in  Texas. 

Murex  fulvescens  Sowerby  1834 — Plate  2,  Fig.  9. — Living  specimens  taken  by 
shrimpers  from  off  Freeport  to  off  Port  Isabel.  Badly  worn  beach  shells  rare  at 
Galveston,  but  fresher  shells  more  common  on  the  beaches  to  the  south. 

Murex  messorius  Reeve  1845 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Murex  pomum  Gmelin  1790 — Plate  3,  Fig.  1. — Dead  shells  occasionally  found  at 
Port  Aransas  and  Port  Isabel. 

Muricidea  hexagcma  Lamarck  1822 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Muricidea  multangula  Philippi  1849 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Muricidea  philippiana  Dali  1889 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Tritonalia  cellulosa  Conrad  1846 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Tritonalia  intermedia  C.  B.  Adams  1850 — Reported  by  Dali.  Does  not  occur  in  Texas. 

family  THAISIDAE 

Sistrum  roseum  Reeve  1 846 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Thais  deltoidea  Lamarck  1822 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Thais  haemastoma  floridana  Conrad  1837- — Plate  3,  Figs.  2-3. — Common  all  along  the 
coast  living  on  the  jetties  and  oyster  reefs. 

Thais  haemastoma  haysae  Clench  1927 — Plate  2,  Figs.  3  &  5. — The  typical  large 
nodulose  form  is  common  on  the  Bolivar  jetty. 

Thais  patula  Linne  1758 — Reported  by  Dali.  Does  not  occur  in  Texas. 

family  COLUMBRARI1DAE 

Columbraria  lanceolata  Menke  1828 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Columbraria  testacea  Morch  1854 — Reported  by  Dali.  Does  not  occur  in  Texas. 
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family  PYREN1DAE 

Anachis  avara  semiplicata  Stearns  1873— Plate  4,  Fig.  5.— Common  in  the  bays  all 
along  the  Texas  coast,  frequently  living  on  submerged  vegetation.  This  is  the 
onlv  subspecies  observed,  although  others  have  been  reported  by  various 
authors. 

Anachis  ohesa  C.  B.  Adams  1845 — Plate  5,  Fig.  9. — Dead  shells  are  common  in  the 
beach  drift  all  along  the  coast. 

Mitrella  lunata  Say  1826- — Plate  5,  Fig.  8. — Common  in  all  the  Texas  bays. 

■Nitidella  parvula  Dunker  1847 — -Reported  by  Dali. 

family  NASSARIIDAE 

Nassarius  vihex  Say  1 822-— Plate  4,  Fig.  6.- — Common  in  Aransas  Bay  and  Laguna 
Mad  re,  occasional  in  Galveston  Bay. 

Nassarius  acuta  Say  1822— Plate  5,  Fig.  10.- — Dead  shells  common  at  Galveston, 
and  less  common  on  St.  Joseph,  Mustang,  and  Padre  Islands. 

family  BUCCIN1DAE 

Canthams  cancellaria  Conrad  1846 — Plate  1,  Figs.  30-31- — Worn,  dead  shells  at 
Galveston.  Fresh  shells  on  St.  Joseph,  Mustang,  and  Padre  Island.  Living  in 
Aransas  Bay. 

Canthams  orhignyi  Payraudeau  1876 — Reported  by  Dali.  A  West  Indian  species  liv¬ 
ing  in  20-25  fathoms.  Probably  not  found  in  Texas. 

Canthams  tinctus  Conrad  1846 — Reported  by  Dali,  Strecker,  Whitten,  and  Johnson. 
Does  not  live  in  Texas. 

Nassaria  columbellata  Dali  1889— Reported  by  Dali. 

Nassaria  grayi  Dali  1889— Reported  by  Dali. 

Phos  parvus  C,  B.  Adams  1850 — Reported  by  Dali.  A  West  Indian  species  not  found 
in  Texas. 

family  NEPTUNE1DAE 

Busy  con  canaliculatum  Linne  1758— Reported  by  Dali  and  Reed.  Does  not  occur 
in  the  Gulf  of  Mexico. 

Busy  con  caricum  Gmelin  1790- — -Reported  by  Dali  and  Reed.  Does  not  occur  in  the 
Gulf  of  Mexico. 

Busycon  perversum  Linne  1758 — Plate  2,  Fig.  1. — Comon  in  the  Gulf  and  saltier 
bays  all  along  the  Texas  coast. 

Busycon  pyrum  Dillwyn  1817 — Plate  2,  Fig.  2. — Occurs  with  B.  perversum  although 
not  as  common. 

Melongena  corona  Gmelin  1790- — Reported  by  Dali.  Does  not  occur  west  of  the 
Mississippi. 

Melongena  melongena  Linne  1758 — -Reported  by  Dali.  Does  live  as  far  north  as 
Tampico,  Mexico  but  does  not  reach  Texas. 

family  FASCIOLARIIDAE 

Fasciolaria  distans  Lamarck  1822— Plate  3,  Fig.  4.— Lives  offshore  in  15-30  fathoms. 
Badly  worn  shells  sometimes  found  on  Galveston  Island.  Fresher  shells  from 
St.  Joseph,  Mustang,  and  Padre  Island. 

Fasciolaria  tulipa  Linne  1758— Plate  3,  Fig.  8.— Much  rarer  than  F.  distans,  but 
sometimes  found  on  Padre  Island. 

Fasciolaria  gigantea  Kiener  1840— Plate  3,  Fig.  7.— Worn  shells  occasionally  found 
on  all  the  Texas  beaches. 

Fusinus  alcimus  Dali  1889 — -Reported  by  Dali.  Taken  on  the  Yucatan  Banks  in  95 
fathoms. 

Leucozonia  cingulifera  Lamarck  1816 — -Reported  by  Dali  and  Johnson.  Does  not 
occur  in  Texas. 

family  O LI VI DAE 

Oliva  say  ana  Ravenel  1834 — Plate  3S  Figs.  5-6.— Occasional  on  all  the  Texas  beaches. 
Sometimes  taken  alive  on  the  shoreline. 

Olivella  jaspidea  Gmelin  1790 — Reported  by  Dali. 

Olivella  mutica  Say  1822 — Plate  5,  Fig.  11. — -Worn  shells  common  at  Galveston. 
Fresh  shells  occasional  on  Mustang  and  Padre  Islands. 

Olivella  nivea  Gmelin  1790 — Reported  by  Reed.  A  West  Indian  species  not  found 
in  Texas. 
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family  MIT  RID  AE 

Conomitra  blakeana  Dali  1889 — Reported  by  Dali.  Taken  at  640  fathoms  in  the 
Straits  of  Yucatan. 

family  XANCIDAE 

Vasum  muricatum  Born  1778 — Reported  by  Reed.  A  West  Indian  species  not 
found  in  Texas. 

Xancus  angulatus  Solander  1786 — Lives  offshore  somewhat  south  of  Port  Isabel. 

family  VOLUTIDAE 

Valuta  vires cens  Solander  1786 — Reported  by  Dali  and  Johnson.  Probably  does  not 
live  in  Texas. 

family  CAN  CELL  ARIIDAE 

Admete  microscopica  Dali  1889,1902,  and  1924. — Reported  by  Dali. 

Cancellaria  reticulata  Linne  1767 — Lives  on  the  Mexican  coast,  and  a  single  freshly 
broken  shell  has  been  taken  on  Padre  Island. 

Cancellaria  tenera  Philippi  1848 — Reported  by  Dali.  A  West  Indian  species  prob¬ 
ably  not  found  on  the  Texas  coast. 

family  MARGIN ELLIDAE 

Marginella  abyssorum  Tomlin  1916 — Reported  by  Dali.  Known  from  294  fathoms 
off  Fernandina,  Florida  and  640  fathoms  in  the  Straits  of  Yucatan. 

Marginella  apicina  Menke  1828 — One  live  specimen  was  taken  at  Port  Aransas. 

Marginella  avena  Valenciennes  1841 — Reported  by  Dali,  Johnson,  and  Reed.  Does 
not  occur  in  Texas. 

Marginella  lacrimula  Gould  1862 — Reported  by  Johnson.  Does  not  occur  in  Texas. 

FAMILY  CON  I  DAE 

Conus  amphiurgus  Dali  1889 — Reported  by  Dali.  Known  from  27  fathoms  off 
Yucatan. 

Conus  jaspideus  Gmelin  1791 — Reported  by  Reed.  Does  not  occur  in  Texas. 

Conus  spurius  Gmelin  1791 — Reported  by  Reed.  Lives  off  the  Mexican  coast,  but 
probably  does  not  reach  Texas. 

family  TURRIDAE 

Clathrodrillia  albinodata  Reeve  1845 — Reported  by  Johnson.  Probably  not  in  Texas. 

Daphnella  limacina  Dali  1881 — Reported  by  Dali.  Lives  in  85  to  805  fathoms  and 
may  occur  offshore. 

Leucosyrinx  sigsbeei  Dali  1881 — Reported  by  Dali.  Taken  in  640  fathoms  in  the 
Straits  of  Yucatan. 

Mangelia  cerina  Kurtz  and  Stimpson  1851 — Reported  by  Singley. 

Mangelia  cerinella  Dali  1889 — Plate  4,  Fig.  3. — Occasional  dead  shells  found  on 
Galveston,  Harbor,  and  Mustang  Islands. 

Mangelia  elusiva  Dali  1881 — Reported  by  Dali.  Taken  in  640  fathoms  in  the  Straits 
of  Yucatan. 

Mangelia  peripla  Dali  1881 — Reported  by  Dali.  Taken  in  640  fathoms  in  the  Straits 
of  Yucatan. 

Mangelia  plicosa  C.  B.  Adams  1840 — Reported  by  Singley. 

Mangelia  quadrata  Reeve  1845 — Reported  by  Dali. 

Pleurotomella  agassizi  mexicana  Dali  1884 — Reported  by  Dali.  Taken  in  640  fathoms 
in  the  Straits  of  Yucatan. 

Pleurotomella  extensa  Dali  1881 — Reported  by  Dali.  Taken  in  640  fathoms  in  the 
Straits  of  Yucatan. 

family  TEREBRIDAE 

Terebra  cinerea  Born  1780 — Plate  3,  Fig.  10. — Occasionally  found  living  at  the  shore 
line  on  Galveston,  Mustang,  and  Padre  Islands.  More  common  to  the  south. 

Terebra  concava  Say  1827 — Reported  by  Singley.  Probably  does  not  live  in  Texas. 

Terebra  dislocata  Say  1822 — Plate  3,  Fig.  9. — Dead  shells  are  ocassionally  found  on 
all  the  Texas  beaches. 

Terebra  protexta  Conrad  1845 — Reported  by  Dali,  Johnson,  Singley,  and  Reed. 
Probably  does  not  occur  in  Texas. 
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Terebra  flammea  Lamarck  1822 — Reported  by  Johnson  and  Reed.  Lives  off  Mexican 
coast  and  rare  specimens  may  sometimes  be  found  on  Padre  Island. 

subclass  OPISTHOBRANCHIA 
order  PLEUROCOELA 
family  ACT  AEON  ID  AE 

Actaeon  punctostriatus  C.  B.  Adams  .1840 — Dead  shells  rare  at  Galveston,  Port 
Aransas,  and  Port  Isabel. 

Actaeon  incisus  Dali  1881 — Reported  by  Dali.  Taken  in  294  fathoms  off  Fernandina, 
Florida  and  640  fathoms  in  the  Straits  of  Yucatan. 

family  ACTEOCINDAE 

Acteocina  canaliculata  Say  1822 — Plate  5,  Fig.  12. — -Dead  shells  occasional  at  Gal¬ 
veston,  but  common  in  beach  drift  at  Port  Aransas. 

Retusa  frielei  Dali  1881 — Reported  by  Dali.  Taken  in  640  fathoms  in  the  Straits 
of  Yucatan. 

family  BULLIDAE 

Bulla  occidentals  Adams  1850 — Plate  3,  Figs.  11-12. — Rare  at  Galveston.  Occasional 
in  Aransas  Bay,  and  on  Mustang  and  Padre  Islands. 

Bulla  solida  Gmelin  1790 — -Reported  by  Dali.  Not  found  in  Texas. 

Bulla  striata  Bruguierre  1792 — Reported  by  Dali.  Not  found  in  Texas. 

family  AKERIDAE 

Haminoea  antillarum  d’Orbigny  1841 — Reported  by  Strecker.  May  be  found  In 
southern  Texas. 

Haminoea  elegans  Gray  1825 — Plate  3,  Figs.  13-14.— -A  large  number  of  live  shells 
was  found  on  Harbor  Island  near  Port  Aransas. 

Haminoea  succinea  Conrad  1846 — Reported  by  Dali  and  Johnson. 

family  SCAPHANDR1DAE 

Cylichna  bidentata  d’Orbigny  1841 — Reported  by  Dali,  Johnson,  and  Reed. 

Scaphander  bathymophila  Dali  1881— -Reported  by  Dali.  A  deep  water  species  (294- 
640  fathoms)  known  from  off  Delaware  Bay,  Fernandina,  Florida,  and  the 
Straits  of  Yucatan. 

family  APLYSIIDAE 

Aplysia  floridensis  Pilsbry  1895 — Reported  by  Reed.  An  unidentified  Aplysia  is  some¬ 
times  found  in  Aransas  Bay  and  the  Laguna  Madre  and  may  belong  to  this 
species. 

order  PTEROPODA 
family  CAVOLIN1DAE 

Clio  pyramidata  Linne  1767 — Reported  by  Dali.  A  pelagic  species  which  probably 
lives  offshore. 

Creseis  acicula  Rang  1828 — Reported  by  Reed.  A  pelagic  species  which  probably 
lives  offshore. 

Creseis  virgula  Rang  1828- — Reported  by  Reed.  A  pelagic  species  which  probably 
lives  offshore. 

Cuvierina  columnella  Rang  1827 — Reported  by  Dali.  A  pelagic  species  which  prob¬ 
ably  lives  offshore. 

Styliola  subula  Quoy  and  Gaimard  1827 — Reported  by  Dali.  A  pelagic  species  which 
probably  lives  offshore. 

order  ACOELA 
family  SCYLLAEIDAE 

Scyllaea  pelagica  Linne  1758 — Lives  on  Sargassum  weed  and  is  at  times  washed 
ashore  on  all  the  Gulf  beaches. 

family  GLAUCIDAE 

Glaucus  atlanticus  Forster  1777 — Reported  by  Reed.  A  pelagic  species  which  prob¬ 
ably  lives  offshore. 


1952,  No.  2 
June  30 


Marine  Mollusks  of  Texas 


179 


subclass  PULMONATA 
order  BASOMMATOPHORA 
family  ELLOBIIDAE 

Melampus  coffeus  Linne  1758— Plate  3,  Figs.  18-19. — Lives  on  reeds  in  brackish 
water  areas  of  Galveston  and  Lavaca  Bays. 

Melampus  lineatus  Say  1822 — Reported  by  Dali  and  Singley.  Probably  does  not 
occur  in  Texas. 

Melampus  flavus  Gmelin  1792 — Reported  by  Maury.  Probably  does  not  occur  in 
Texas. 

Sayella  crosseana  Dali  1885 — Reported  by  Singley. 

Sayella  hemphilli  Dali  1883 — Reported  by  Singley. 

Sayella  livida  "Dali”  Rehder  1934 — Described  by  Rehder  from  Corpus  Christi  Bay. 
family  SIPHON ARIIDAE 

Siphonaria  lineolata  d’Orbigny  1842 — Plate  3,  Figs.  15-16. — Lives  on  all  the  Texas 
jetties. 

class  SCAPHOPODA 
family  DENT ALllDAE 

D entail um  antillarum  d’Orbigny  1846 — Reported  by  Dali.  A  West  Indian  species 
which  probably  does  not  live  in  Texas. 

Dent  a  Hum  carduus  Dali  1889 — Reported  by  Dali.  Known  from  Florida  Straits  and 
Bahamas  in  116-338  fathoms. 

Dentalium  gouldii  Dali  1889 — Reported  by  Singley. 

Dentalium  sericatum  Dali  1881 — Reported  by  Dali.  Taken  in  640  fathoms  in  the 
Straits  of  Yucatan. 

Dentalium  texasianum  Philippi  1848 — Plate  13,  Fig.  19. — Dead  shells  are  common 
in  beach  drift  all  along  the  Texas  coast. 

family  S1PHONODENT ALllDAE 

Cadulus  watsoni  Dali  1881 — Reported  by  Dali.  Taken  in  413  fathoms  in  the  Straits 
of  Yucatan. 

Cadulus  poculum  Dali  1889 — -Reported  by  Dali.  Taken  in  640  fathoms  in  the 
Straits  of  Yucatan. 

class  PELECYPODA 
order  TAXODONTA 
family  NUCULIDAE 

Nucula  cymella  Dali  1886 — Reported  by  Dali.  Taken  in  640  fathoms  in  the  Straits 
of  Yucatan  and  in  the  Florida  Straits. 

Nucula  proxima  Say  1822 — Reported  by  Johnson.  Does  not  occur  in  Texas. 

family  NUCULANIDAE 

Nuculana  acuta  Conrad  1831 — Plate  6,  Figs.  3-4. — Common  in  beach  drift  all  along 
the  Texas  coast. 

Nuculana  concentrica  Say  1824— Reported  by  Dali,  Singley,  and  Johnson. 

Nuclana  pusio  Philippi  1844 — -Reported  by  Dali.  Has  been  taken  in  the  Florida 
Straits  and  West  Indies  from  856  to  1591  fathoms. 

Nuclana  solidula  E.  A.  Smith  1886 — -Reported  by  Dali.  Taken  off  North  Carolina, 
Florida  Keys,  and  Yucatan  Straits  from  640  to  1002  fathoms. 

Yoldia  solenoides  Dali  1881 — Reported  by  Dali.  Taken  off  the  Mississippi  delta  in 
118  fathoms. 

FAMILY  ARCIDAE 

Area  auriculata  Lamarck  1819 — Reported  by  Dali.  Does  not  occur  in  Texas. 

Area  barbata  Linne  1758 — Has  been  taken  from  coral  banks  100  miles  off  Galveston. 

Area  campechiensis  Gmelin  1792— Plate  6,  Figs.  1-2. — One  of  the  most  common 
shells  on  all  of  the  Texas  beaches. 

Area  chemnitzi  Philippi  1851 — Found  occasionally  at  Port  Isabel. 
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Area  incongrua  Say  1822 — Plate  6,  Figs.  5-6. — One  of  the  most  common  shells  on  all 
of  the  Texas  beaches. 

Area  occidentalis  Philippi  1847 — Has  been  taken  from  coral  banks  100  miles  off 
Galveston,  and  beach  shells  are  occasionally  found  at  Port  Isabel. 

Area  reticulata  Gmelin  1792 — Has  been  taken  from  coral  banks  100  miles  off  Gal¬ 
veston  and  50  miles  off  Port  Arthur. 

Area  secticostata  Reeve  18 44 — Lives  off  the  Mexican  coast,  and  badly  worn  shells 
are  sometimes  found  on  Padre  Island. 

Area  transversa  Say  1822— Plate  6,  Figs.  7-8. — One  of  the  most  common  shells  on 
all  the  Texas  beaches. 

Area  umbonata  Lamarck  1819 — Plate  6,  Figs.  13-14. — Occasional  worn  specimens  are 
found  at  Galveston,  and  fresh  shells  are  more  common  on  St.  Joseph,  Mus¬ 
tang,  and  Padre  Islands. 

Noetia  ponderosa  Say  1822 — Plate  6,  Figs.  9-10. — Common  on  all  the  Texas  beaches 

Bentharca  asperula  Dali  1881 — Reported  by  Dali.  Found  in  deep  water  (310-1568 
fathoms)  and  may  occur  off  the  Texas  coast. 

Glycymeris  americana  DeFrance  1829 — Reported  by  Reed.  Not  in  Texas  waters. 

Glycymeris  pectinata  Gmelin  1792 — Reported  by  Dali  and  Johnson.  Not  found  in 
Texas. 

Limopsis  cristata  Jeffreys  1876 — Reported  by  Dali.  Lives  in  deep  water  (85-1095 
fathoms)  and  may  occur  offshore. 

order  ANISOM Y ARIA 
family  M YT1LIDAE 

Botula  castanea  Say  1 822 — A  few  live  shells  have  been  found  in  Aransas  Bay. 

Brachidontes  exustus  Linne  1758 — Plate  6,  Figs.  11-12. — Abundant  on  the  Rockport 
jetty.  Also  found  at  Port  Isabel. 

Brachidontes  recurvus  Rafinesque  1820 — -Plate  6,  Figs.  17-18. — Commonly  found 
growing  on  oysters  or  pilings  in  all  the  bays. 

Lithophaga  bisulcata  d’Orbigny  1845 — Found  boring  in  oyster  shells  in  AranSas 
Bay. 

Lithophaga  nigra  d’Orbigny  1845 — Reported  by  Reed.  Probably  lives  offshore. 

Modiolus  demissus  granosissimus  Sowerby  1914 — Plate  6,  Fig.  16. — -Found  living  in 
peaty  mud  above  high  tide  mark  in  Galveston  Bay. 

Modiolus  opifex  Sav  1825 — Found  in  20-30  fathoms  off  Port  Isabel. 

Modiolus  papyrius  Conrad  1846 — Found  in  Lavaca  Bay. 

Musculus  coralliophagus  Gmelin  1792 — Found  on  coral  banks  100  miles  off  Gal¬ 
veston. 

Modiolus  tulipus  Linne  1758 — Plate  6,  Fig.  15. — -Broken  shells  rare  on  all  the  Texas 
beaches. 

family  PTER11DAE 

Pedalion  listen  Hanley  1846 — Has  been  found  on  the  Rockport  jetty  and  at  Port 
Isabel. 

Pinctada  radiata  Leach  1814 — Plate  7,  Figs.  3-4. — Occasionally  found  on  Mustang  and 
Padre  Islands. 

Pteria  colymhus  Bolten  1798 — Plate  7,  Figs.  1-2. — Dead  shells  rare  on  St.  Joseph, 
Mustang,  and  Padre  Islands.  Found  living  on  a  buoy  off  Port  Aransas. 

FAMILY  PINNIDAE 

Atrina  rigida  Dillwyn  1817 — Plate  7,  Fig.  6. — Occasionally  common  on  all  the  Gulf 
beaches.  Found  living  in  Aransas  Bay. 

Atrina  serrata  Sowerby  1825 — Plate  7,  Fig.  5. — Occasionally  common  on  all  the 
Gulf  beaches. 

family  PECT1NIDAE 

Pecten  muscosus  Wood  1828 — Dead  shells  have  been  found  on  St.  Joseph  Island 
and  at  Port  Isabel. 

Pecten  gibbus  Linne  1758 — Many  names  have  been  proposed  for  the  various  mem¬ 
bers  of  the  P.  gibbus  complex.  A  number  of  these  have  been  reported  from 
Texas,  but  apparently  only  P.  gibbus  amplicostatus  is  at  all  common.  The  true 
P.  gibbus  gibbus  Linne  may  live  offshore,  and  dead  shells  are  sometimes  found 
on  the  south  end  of  Padre  Island. 
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Pecten  gibbus  amplicostatus  Dali  1898  and  1902 — Plate  8,  Figs.  6-7. — This  is  the 
most  common  Pecten  of  the  Texas  coast.  Dead  shells  are  common  on  all  the 
Texas  beaches  and  it  has  been  taken  alive  in  Aransas  Bay  and  in  the  Laguna 
at  Port  Isabel. 

Pecten  gibbus  concentricus  Say  1822 — Plate  8,  Figs.  1-2. — This  is  the  subspecies  found 
in  the  bays  of  the  South  Atlantic  and  west  Florida  coasts.  A  few  dead  shells 
have  been  taken  at  Galveston. 

Pecten  nodosus  Linne  1758 — Plate  8,  Fig  10. — One  dead  shell  has  been  taken  from 
St.  Joseph  Island,  and  fragments  are  occasionally  found  at  Port  Isabel. 

family  SPONDYL1DAE 

Plicatula  gibbosa  Lamarck  1801 — Plate  8,  Figs.  8-9. — Occasional  worn  shells  on  all 
the  Texas  beaches. 

Plicatula  spondyloidea  Meuschen  1781 — Reported  by  Johnson. 

Spondylus  americanus  Lamarck  1818 — Two  large  live  specimens  were  taken  from 
the  coral  banks  100  miles  off  Galveston. 

Spondylus  gussoni  Da  Costa  1829 — Reported  by  Dali. 

family  ANOMI1DAE 

Anomia  simplex  d’Orbigny  1845 — Plate  8,  Figs.  3-5. — Occasional  worn  shells  on  all 
the  Texas  beaches.  Often  found  living  on  oysters. 

family  OSTREIDAE 

Ostrer  cristata  Born  1780 — Reported  by  Reed. 

Ostrea  frons  Linne  1758 — Reported  by  Reed.  May  live  offshore. 

Ostrea  virginica  Gmelin  1792 — Plate  8,  Fig.  11. — Common  in  all  the  Texas  bays. 

order  EULAMELLIBRANCHIATA 
family  GOULDIIDAE 

Crassinella  mactracea  Linsley  1845 — Dead  shells  at  Galveston  and  Port  Aransas. 
Living  shells  in  Aransas  Bay. 

family  CARD1T1DAE 

Cardita  floridana  Conrad  1838 — Plate  9.  Fig.  1. — Beach  worn  shells  rare  at  Gal¬ 
veston.  Fresh  shells  on  St.  Joseph,  Mustang,  and  Padre  Islands. 

family  CYRENIDAE 

Polym-esoda  caroliniana  Bose  1830— -Plate  9,  Figs.  2-3.— -Found  living  in  Lavaca  Bay. 
Dead  shells  in  Galveston  Bay. 

Polymesoda  floridana  Conrad  1846 — Plate  9,  Fig.  4.— Dead  shells  rare  on  Gal¬ 
veston  Island,  but  common  at  Port  Aransas.  Occasional  at  Port  Isabel. 

family  UNGUL1NIDAE 

Taras  punctata  Say  1822 — Dead  shells  rare  at  Port  Aransas. 

Taras  semiaspera  Philippi  1836— -Reported  by  Maury.  A  West  Indian  species  which 
probably  does  not  occur  in  Texas. 

Taras  soror  C.  B.  Adams  1852 — -Reported  by  Johnson. 

family  LUCINIDAE 

Codakia  orbicularis  Linne  1758 — A  few  shells  were  found  in  the  sand  dredged  from 
the  Aransas  Pass  boat  channel.  They  are  probably  of  Pleistocene  age. 

Loripinus  chrysostoma  Philippi  1847 — Plate  9,  Fig.  5. — Dead  shells  occasional  on 
St.  Joseph,  Mustang,  and  Padre  Islands.  Can  be  distinguished  from  L.  schrammi 
by  pale  yellow  color  of  fresh  specimens  and  smooth  porcellanous  interior. 

Loripinus  schrammi  Crosse  1876- — Plate  9,  Fig.  6. — Occasional  on  Gulf  beaches 
from  Matagorda  Island  to  Port  Isabel.  Fresh  shells  have  dark  brown  periostracum 
and  chalky  granular  interior. 

Lucina  amiantus  Dali  1901 — Dead  shells  rare  at  Galveston  but  common  at  Port 
Aransas. 

Lucina  crenella  Dali  1901 — Dead  shells  rare  at  Galveston  but  common  at  Port 
Aransas. 
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Lucina  floridana  Conrad  1833 — Plate  9,  Figs.  7-8. — Dead  shells  occasional  at  Gal¬ 
veston  but  more  common  from  St.  Joseph  Island  to  Port  Isabel. 

Lucina  jamaicaensis  Lamarck  1891 — Plate  9,  Figs.  9-10. — Occasional  worn  shells  at 
Galveston.  Fresh  shells  from  St.  Joseph  .Island  to  Port  Isabel  and  living  in 
Aransas  Bay. 

Myrtaea  compressa  Dali  1881 — Reported  by  Dali.  Lives  in  the  West  Indies  from 
72-424  fathoms. 


family  LEPTON1DAE 

Rochefortia  planulata  Stimpson  1857 — Reported  by  Johnson  and  Maury. 

family  CHAM1DAE 

Echinochama  arcinella  Linne  1767- — -Plate  9,  Figs.  11-12. — -Beach  worn  shells  rare  at 
Galveston.  Fresh  shells  occasional  on  Mustang  and  Padre  Islands.  Living  off 
Freeport,  Port  Aransas,  and  Port  Isabel.  The  soecimen  figured  is  from  the 
Aransas  Pass  boat  channel  dump  and  is  probably  Pleistocene  in  age.  It  is 
larger  and  has  more  rows  of  spines  than  soecimens  now  living  on  the  Texas 
coast,  and  is  closer  to  the  present  form  in  the  West  Indies. 

family  CARDIIDAE 

Dinocardium  robustum  Solander  1786 — Plate  10,  Figs.  1-2. — Found  on  all  the 
beaches  of  the  Texas  coast.  More  common  to  the  south. 

Laevicardium  laevigatum  Linne  1758 — Plate  10,  Figs.  5-6. — Dead  shells  found  oc¬ 
casionally  from  Matagorda  Island  to  Port  Isabel.  Found  living  in  15-20  fathoms 
from  off  Freeport  to  off  Port  Isabel. 

Laevicardium  mortoni  Conrad  1830 — Plate  10.  Figs.  3-4. — -Rare  dead  shells  at  Gal¬ 
veston.  Common  from  St.  Joseph  Island  to  Port  Isabel.  Living  in  Aransas  Bay 
and  Laguna  at  Port  Isabel, 

T r achy  car dium  egmontianum  Shuttleworth  1856 — Plate  10,  Figs.  11-12. — Two  rather 
fresh  dead  shells  were  found  at  Galveston. 

T r  achy  car  dium  muricatum  Linne  1758 — -Plate  10,  Figs.  7-8. — -Worn  shells  at  Galves¬ 
ton.  Fresh  shells  from  St.  Joseph  Island  to  Port  Isabel.  Living  in  Aransas  Bay 
and  Laguna  at  Port  Isabel. 

TracE  year  dium  isorardia  Linne  1758 — -Reported  by  Singley  and  Reed.  Occurs  at 
Tampico,  Mexico,  but  does  not  reach  Texas. 

family  VENERIDAE 

Anomalncardia  cuneimeris  Conrad  1846 — Plate  10,  Figs.  9-10.— Dead  shells  occasional 
at  Galveston.  Fresh  shells  on  Mustang  and  Padre  Islands.  Living  in  Aransas 
Bay. 

Antigona  cdlimovpha  Dali  1902 — Reported  by  Dali.  Lives  in  the  Florida  Straits 
and  West  Indies  from  76-300  fathoms. 

Chione  cancellata  Linne  1767 — Plate  10,  Figs.  16-17. — Rare  dead  shells  at  Galveston. 
Fresh  shells  common  from  Matagorda  Island  to  Port  Isabel.  Living  in  Aransas 
Bay  and  Laguna  at  Port  Isabel. 

Chione  intapurpurea  Conrad  1849 — Plate  10,  Fig.  15.- — One  fresh  dead  shell  from 
St.  Joseph  Tsland  and  two  from  Pad^e  Island  at  Port  Isabel. 

Chione  clenchi  Pulley  1952 — Plate  10,  Figs.  13-14. — Worn  dead  shells  rare  at  Gal¬ 
veston.  Fresh  shells  occasional  from  St.  Joseph  Island  to  Port  Isabel.  Taken  alive 
by  shrimpers  in  15-25  fathoms. 

Chione  latilirata  Conrad  1841 — One  live  specimen  and  a  few  fresh  valves  from 
15-20  fathoms  off  Port  Isabel. 

Chione  paphia  Linne  1767 — Reported  by  Reed.  A  West  Indian  species  not  living 
in  Texas  waters. 

Chione  pubera  Valenciennes  1827— Reported  by  Johnson.  A  West  Indian  species 
probably  not  living  in  Texas. 

Cyclinella  tenuis  Recluz  1852 — A  few  fresh  shells  have  been  taken  at  Port  Aransas. 

Dosinia  discus  Reeve  1850 — Plate  11,  Figs.  1-2.- — Lives  in  shallow  water  off  all  the 
Gulf  beaches. 

Dosinia  elegans  Conrad  1843 — A  few  dead  shells  from  the  Gulf  beach  at  Port 
Isabel. 

Gemma  purpurea  H.  C.  Lea  1842 — Reported  by  Singley  and  Johnson.  Does  not 
occur  in  Texas. 


1952,  No.  2 
June  30 


Marine  Mollusks  of  Texas 


183 


Macrocallista  maculata  Linne  1758 — A  few  dead  shells  have  been  found  on  the 
Gulf  beach  at  Port  Isabel. 

Macrocallista  nimbosa  Solander  1786 — Plate  11,  Fig.  5. — A  few  dead  shells  have 
been  found  at  Port  Isabel  and  Port  Aransas. 

Pitar  dione  Linne  1758 — Reported  by  Dali  and  Johnson.  A  West  Indian  species 
not  found  in  Texas. 

Pitar  texasiana  Dali  1897 — Plate  11,  Figs.  3-4. — Dead  shells  common  at  Galveston. 
Less  common  on  all  beaches  south  to  Port  Isabel. 

Pitar  cordata  Schwengel  1951 — Dead  shells  rare  on  the  beaches  of  Mustang  and 
Padre  Islands,  but  taken  commonly  by  shrimpers  in  20-30  fathoms. 

Venus  campechiensis  texana  Dali  1902 — Plate  11,  Figs.  10-11. — Living  in  Galveston 
and  Aransas  Bays.  Worn  dead  shells  on  all  Gulr  beaches.  All  of  the  Texas  speci¬ 
mens  seem  to  belong  to  this  subspecies  winch  is  recognized  by  the  distinctive 
smoothing  of  the  ribs  seen  on  older  specimens.  The  young  cannot  be  sepa¬ 
rated  from  true  V.  campechiensis. 

Venus  mercenaria  Linne  1758 — Reported  by  Dali,  Singley,  Strecker,  and  Reed.  Does 
not  occur  in  the  Gulf  of  Mexico. 

family  PET R1COL1DAE 

Ccralliophaga  ccralliophaga  Gmelin  1792 — A  few  young  dead  shells  were  taken  at 
Port  Aransas. 

Rupellaria  lapicida  Gmelin  1792 — Reported  by  Reed.  Probably  does  not  occur  in 
Texas  but  may  live  on  offshore  coral  banks. 

Rupellaria  typicum  Jonas  1844 — Plate  11,  Figs.  8-9. — A  few  specimens  were  found 
burrowing  in  limestone  rocks  in  the  Port  Aransas  jetty. 

Petricola  pholadiformis  Lamarck  1818 — Plate  11,  Figs.  6-7. — Dead  shells  common  on 
all  the  Gulf  beaches.  Found  living  in  Galveston  and  Aransas  Bays. 

family  MACTR1DAE 

Anatina  canaliculata  Say  1822 — Plate  12,  Fig.  3. — Sometimes  common  on  all  the 
Gulf  beaches. 

Anatina  lineata  Say  1822 — Plate  12,  Fig.  4. — Rare  on  all  the  Gulf  beaches.  Some¬ 
what  more  common  to  the  south. 

Mactra  fragilis  Gmelin  1792 — Plate  12,  Figs.  1-2. — Dead  shells  rare  on  St.  Joseph, 
Mustang,  and  Padre  Islands.  A  few  found  living  in  Aransas  Bay. 

Mulinia  lateralis  Say  1822 — Plate  12,  Figs.  5-6. — Dead  shells  are  abundant  on  all  the 
Texas  beaches,  particularly  at  Galveston.  Has  been  taken  living  in  12  fathoms 
oft  Port  Aransas. 

Rangia  cuneata  Gray  1831 — Plate  12,  Figs.  7-8. — Common  in  all  the  bays  of  low 
salinity.  Worn  dead  shells  are  frequently  found  on  the  Gulf  beaches. 

Rangia  flexuosa  Conrad  1839 — Found  living  in  Clear  Lake,  Galveston  Bay. 

Spisula  solidissima  similis  Say  1822 — Plate  12,  Figs.  14-15. — Dead  shells  common 
on  all  the  Gulf  beaches.  One  live  specimen  taken  at  Galveston. 

family  DONACIDAE 

Donax  denticulata  Linne  1758— Reported  by  Dali  and  Johnson.  Does  not  live  in 
Texas. 

Donax  fossor  Say  1822 — Reported  by  Dali.  Does  not  live  in  Texas. 

Donax  rcemeri  Philippi  1849 — This  is  probably  a  synonym  of  D.  texasiana. 

Donax  texasiana  Philippi  1847 — Plate  12,  Figs.  10-11. —  This  is  the  most  common 
Donax  of  the  Texas  beaches. 

Donax  tumida  Philippi  1849 — This  is  the  Donax  found  in  Louisiana  and  occasion¬ 
ally  from  Sabine  to  Galveston. 

Donax  variabilis  Say  1822 — Shells  which  appear  to  be  D.  variabilis  have  been  taken 
on  Padre  Island.  All  of  the  above  species  of  Donax  except  D.  denticulata  may 
be  subspecies  of  D.  variabilis. 

Iphigenia  brasiliana  Lamarck  1818 — Reported  by  Dali.  Lives  at  Tampico,  Mexico, 
but  probably  does  not  reach  the  Texas  coast. 

family  SANGUINOLARIIDAE 

Sanguinolaria  operculata  Gmelin  1792- — Reported  by  Dali.  Does  not  live  in  Texas. 

Sanguinolaria  sanguinolenta  Gmelin  1792 — Reported  by  Singley,  Strecker,  and  Reed. 
One  worn  valve  was  found  on  Padre  Island,  but  it  was  probably  a  Pliestocene 
fossil,  as  it  is  doubtful  if  the  species  lives  in  Texas  waters  today. 
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Tagelus  divisus  Spengler  1794 — Plate  12,  Figs.  12-13. — Rare  in  Galveston  Bay  but 
common  in  Aransas  Bay  and  the  Laguna  at  Port  Isabel. 

Tagelus  gibbus  Spengler  1794 — Plate  12,  Fig.  9. — Dead  shells  on  all  the  Gulf 
beaches.  Lives  in  all  the  bays  of  higher  salinity. 

family  SEMELIDAE 

Abra  aequalis  Say  1822 — Plate  13,  Figs.  1-2. — Dead  shells  common  on  all  the  Gulf 
beaches. 

Cumingia  tellenoides  Conrad  1831 — A  few  dead  shells  have  been  taken  at  Port 
Aransas. 

Semele  proficua  Pulteney  1767 — Plate  13,  Figs.  4-5. — Dead  shells  common  on  all  the 
Gulf  beaches.  Found  living  in  Aransas  Bay. 

Semele  purpurascens  Gmelin  1792 — Plate  13,  Fig.  3. — One  fresh  dead  shell  from 
St.  Joseph  Island  and  one  from  Port  Isabel. 

family  TELL1NIDAE 

Apolymetis  intastriata  Say  1827 — Reported  by  Maury.  Lives  at  Tampico,  Mexico  but 
probably  does  not  reach  Texas. 

Macoma  brevifrons  Say  1834 — Reported  by  Dali  and  Singley.  Does  not  live  in  Texas. 

Macoma  constricta  Bruguierre  1792 — Plate  13,  Figs.  6-7. — Dead  shells  ocasional  on 
all  Gulf  beaches.  Found  living  in  Galveston  and  Aransas  Bays. 

Macoma  leptonoidea  Dali  1895 — Described  by  Dali  from  Matagorda  Bay. 

Macoma  mitchelli  Dali  1895 — Found  living  in  Clear  Lake,  Galveston  Bay. 

Macoma  tageliformis  Dali  1900 — Dead  shells  occasional  on  all  Gulf  beaches.  Taken 
alive  offshore  by  shrimpers. 

Strigilla  flexuosa  Say  1822 — A  few  dead  shells  have  been  taken  at  Port  Aransas. 

Tellidora  cristata  Recluz  1843 — Plate  13,  Figs.  8-9. — Dead  shells  rare  on  St.  Joseph, 
Mustang,  and  Padre  Islands. 

Tellina  alternata  Say  1822 — Plate  13,  Figs.  10-11. — Lives  in  the  shallow  water  along 
all  the  Texas  beaches. 

Tellina  laevigata  Linne  1758- — Reported  by  Singley.  Not  found  in  Texas. 

Tellina  lineata  Turton  1819 — Plate  13,  Figs.  12-13. — Dead  shells  occasionally  found 
on  St.  Joseph,  Mustang,  and  Padre  Islands. 

Tellina  radiata  Linne  1758- — Reported  by  Singley  and  Johnson.  Does  not  live  in 
Texas.  ,,  .  ,  ****** 

Tellina  sayi  Dali  1900 — Reported  by  Singley.  May  live  in  Texas. 

Tellina  tampaensis  Conrad  1866 — Reported  by  Dali,  Singley,  Strecker,  and  Johnson. 
May  live  in  Texas. 

Tellina  tenella  Verrill  1872 — Reported  by  Dali.  Does  not  live  in  Gulf  of  Mexico. 

Tellina  texana  Dali  1900 — Described  by  Dali  from  Corpus  Christi  Bay. 

Tellina  versicolor  Cozzens  1843 — Live  specimens  taken  in  12  fathoms  oft  Port 
Aransas. 


family  SOLENIDAE 

Ensis  directus  Conrad  1843- — Reported  by  Maury.  Does  not  live  in  Texas. 

Ensis  minor  Dali  1900 — Plate  13,  Figs.  16-17. — Lives  in  all  the  bays  of  higher 
salinity. 

Psammosolen  cumingianus  Dunker  1861 — Reported  by  Dali,  Johnson,  and  Reed. 

Does  not  live  in  Texas,  although  it  is  found  off  northern  Mexico. 

Solen  viridis  Say  1821 — Reported  by  Reed.  Does  not  live  in  Texas. 

family  SAXICAVIDAE 

Saxicava  azaria  Dali  1881— Reported  by  Johnson.  May  live  offshore. 

family  CORBUL1DAE 

Basterotia  quadrata  granatina  Dali  1881  &  1886 — Reported  by  Dali  and  Johnson. 
Corbula  contracta  Say  1822 — Reported  by  Maury.  Probably  not  found  in  Texas. 
Corbula  conradi  Dali  1898 — Reported  by  Maury. 

Corbula  nasuta  Sowerby  1833 — Reported  by  Singley.  According  to  Maury  this  is  a 
west  Central  American  species. 

family  MY  ACID  AE 

Mya  arenaria  Linne  1758 — Reported  by  Reed.  Does  not  live  in  the  Gulf  of  Mexico. 
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family  PHOLADIDAE 

Barnea  costata  Linne  1758 — Plate  13,  Fig.  21. — Dead  shells  are  common  on  all  the 
Gulf  beaches.  Living  specimens  were  taken  in  Offats  Bayou,  Galveston. 

Barnea  maritima  d’Orbigny  1845 — Reported  by  Dali,  Johnson,  and  Reed.  Not  found 
in  Texas. 

Barnea  truncata  Say  1822— Reported  by  Singley  and  Strecker.  Does  not  occur  in 
Texas. 

Martesia  caribaea  d’Orbigny  1845 — -Reported  by  Strecker,  Johnson  and  Reed. 

Martesia  cuneiformis  Say  1822— Reported  by  Dali. 

Martesia  striata  Linne  1767 — Reported  by  Dali. 

P kolas  campechiensis  Gmelin  1 7 92 — -Plate  13,  Fig.  20. — Dead  shells  occasional  at 
Galveston.  Common  on  Bolivar  Penninsula,  St.  Joseph,  Mustang,  and  Padre 
Islands. 

family  TEREDIDAE 

Bankia  gouldi  Bartsch  1908— Living  from  Sabine  Pass  to  Port  Isabel. 

Bankia  fimbriatula  M.  &  R.  1931 — -Reported  by  Dali,  Johnson  and  Reed. 

Teredo  bartschi  Clapp  1923 — Living  from  Sabine  Pass  to  Port  Isabel. 

Teredo  navalis  Linne  1758 — Reported  by  Dali,  Singley,  and  Reed. 

family  LYONSIIDAE 

Lyonsia  floridana  Conrad  1 849-—  Found  living  in  Aransas  Bay. 

Lyonsia  hyalina  Conrad  1831 — Reported  by  Dali  and  Johnson. 

family  PANDOR1DAE 

Pandora  arenosa  Conrad  1848 — Reported  by  Dali. 

Pandora  trilineata  Say  1822- — A  few  dead  shells  have  been  found  at  Galveston  and 
Port  Aransas. 

family  THRACI1DAE 

Tbracia  distorta  Montagu  1808 — Reported  by  Dali. 

Thracia  phaseolina  Kiener  1834 — Reported  by  Dali.  Has  been  taken  in  the  Florida 
Keys  and  at  640  fathoms  in  the  Straits  of  Yucatan. 

family  PERIPLOMAT1DAE 

Periploma  angulifera  Philippi  1847 — Plate  13,  Figs.  14-15. — Fresh  dead  shells  are 
found  on  all  the  Texas  beaches. 

Periploma  inaequivalvis  Schumacher  1817— Reported  by  Reed.  Does  not  occur  in 
Texas. 


family  CUSPID ARIIDAE 

Cuspidaria  arcuata  Dali  1881— Reported  by  Dali.  Taken  in  640  fathoms  in  the 
Straits  of  Yucatan. 

family  VERT1CORD1IDAE 

V erticordia  seguenzae  Dali  1886- — Reported  by  Dali.  Taken  off  North  Carolina  in 
124  fathoms  and  the  Straits  of  Yucatan  in  640  fathoms. 

Verticordia  woodi  E.  A.  Smith  1885 — Reported  by  Dali.  Lives  in  deep  water  (100- 
1060  fathoms). 

class  CEPFiALOPODA 
order  DECAPOD A 
family  SPIRUL1DAE 

Spirula  spirula  Linne  1758— Plate  13,  Fig.  18.— Common  at  times  on  all  Gulf 
beaches,  but  absent  at  other  times. 

family  LOLIG1NIDAE 

Loligo  brevipinna  LeSueur  1824 — Reported  by  Johnson  and  Reed. 

Loligo  peali  LeSueur  1821— Reported  by  Reed. 
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order  OCTOPODA 
family  OCTOPODIDAE 

Octopus  rugosus  Bose  1792 — Reported  by  Reed. 

Octopus  vulgaris  Lamarck  1798 — Reported  by  Reed. 

class  AMPHINEURA 
order  POLYPLACOPHORA 
family  ISCHNOCHITON1DAE 

Ischnochiton  pupurescens  C.  B.  Adams  1845 — Reported  by  Dali. 

Ischnochiton  papillosa  C.  B.  Adams  1845 — Reported  by  Whitten. 

family  CHITONIDAE 

Chiton  marmoratus  Gmelin  1792 — Reported  by  Dali  and  Johnson. 

Chiton  tuberculatus  Linne  1758 — Reported  by  Johnson. 
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PLATE  1 

All  figures  34  natural  size 


FIG.  1 — Diadora  cayenensis 

FIGS.  2-4— Tegula  fasciata 

FIG.  5 — Neritina  virginea 

FIGS.  6-7 — Littorina  nebulosa 

FIGS.  8-9 — -V ermiculana  fargoi 

FIG.  10 — -Littorina  irrorata 

FIG.  11 — Littorina  ziczac 

FIGS.  12-13 — Architectonica  granulata 

FIGS.  14-15 — Modulus  modulus 

FIGS.  16-17 — Cerithidea  pliculosa 


FIGS.  18-19 — Cerithium  variabile 
FIGS.  20-21 — Crepidula  glauca 
FIGS.  22-23 — Crepidula  plana 
FIGS.  24-25 — Crepidula  fornicata 
FIGS.  26-27 — Sinum  perspectivum 
FIGS.  28-29 — Polinices  duplicata 
FIGS.  30-31 — Cantharus  cancellarta 
FIG.  32 — Janthina  globosa 
FIG.  33 — Janthina  janthina 
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PLATE  2 

All  figures  34  natural  size 


FIG.  1 — Busycon  perversum  FIG.  7 — Strombus  pugilis  alatus 

FIG.  2 — Busycon  pyrum  FIG.  8 — Tonna  galea 

FIGS.  3  &  5 — Thais  haemastoma  haysae  FIG.  9 — Mur  ex  fulvescens 

FIGS.  4  &  6 — Phalium  granulatum  FIG.  10 — Distorsio  clathrata 
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PLATE  3 


All  figures  34  natural  size 


FIG.  1 — Murex  pomum 

FIGS.  2-3 — Thais  haemastoma  floridana 

FIG.  4- — Vasciolaria  distans 

FIGS.  5 -6— Oliva  sayana 

FIG.  7 — ■ Vasciolaria  gigantea  (young) 

FIG.  8 —Vasciolaria  tulipa 

FIG.  9 — Terebra  dislocata 


FIG.  10 — Terebra  cinerea 
FIGS.  11-12 — Bulla  occidentalis 
FIGS.  13-14 — Haminoea  elegans 
FIGS.  15-16 — Siphonaria  lineolata 
FIG.  17 — Epitonium  angulatum 
FIGS.  18-19 — Melampus  coffeus 
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PLATE  4 
All  figures  X5 


FIG.  1 — Niso  interrupta 
FIG.  2 — Simnia  uniplicata 
FIG.  3 — Mangelia  cerinella 


FIG.  4 — Natica  pusilla 

FIG.  5 — Anachis  avara  semiplicata 

FIG.  6 — Nassarius  vibex 
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PLATE  5 
All  figures  X5 


FIG.  1 — Truncatella  pulchella 
FIG.  2 — Rissoina  laevigata 
FIG.  3 — Mangelia  sp. 

FIG.  4 — Bittium  varium 
FIG.  5 — Litiopa  hombyx 
FIG.  6 — Caecum  pulchellum 


FIG.  7 — Meioceras  nitidum 
FIG.  8 — Mitrella  lunata 
FIG.  9 — Anachis  obesa 
FIG.  10 — Nassarius  acuta 
FIG.  11 — Olivella  mutica 
FIG.  12 — Actaeocina  canaliculata 
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PLATE  6 

All  figures  34  natural  size 


FIGS.  1-2 — Area  campechiensis 
FIGS.  3-4 — Nuculana  acuta 
FIGS.  5-6 — Area  incongrua 
FIGS.  7-8 — Area  transversa 
FIGS.  9-10 — Noetia  ponderosa 


FIGS.  11-12 — Brachidontes  exustus 

FIGS.  13-14 — Area  umbonata 

FIG.  15 — Modiolus  tulipus 

FIG.  16 — Modiolus  desmissus  granosissimus 

FIGS.  17-18 — Brachidontes  recurvus 
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PLATE  7 

All  figures  34  natural  size 

FIG.  5 — Atrina  serrata 
FIG.  6 — Atrina  rigida 


FIGS.  1-2  —Pteria  colymbus 
FIGS.  3-4 — Pinctada  radiata 
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PLATE  8 

All  figures  ^4  natural  size 


FIGS.  1-2 — Pecten  gibbus  concentricus 

FIGS.  3-5 — Anomia  simplex 

FIGS.  6-7 — Pecten  gibbus  amplicostatus 


FIGS.  8-9 — Plicatula  gibbosa 
FIG.  10 — Pecten  nodosus 
FIG.  1 1 — Ostrea  virginica 
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PLATE  9 

All  figures  %  natural  size 


FIG.  1 — Cardita  floridana 
FIGS.  2-3 — Polymesoda  caroliniana 
FIG.  4 — Polymesoda  floridana 
FIG.  5 — Loripinus  chrysostoma 


FIG.  6 — Loripinus  schrammi 
FIGS.  7-8 — Lucina  floridana 
FIGS.  9-10 — Lucina  jamaicaensis 
FIGS.  11-12 — Echinochama  arcinella 
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PLATE  10 

All  figures  34  natural  size 


FIGS.  1-2 — Dinocar dium  robustum  (young) 
FIGS.  3-4 — Laevicardium  mortoni 
FIGS.  5-6 — Laevicardium  laevigatum 
FIGS.  7-8 — Trachycardium  mmicatum 
FIGS.  9-10 — Anomalocardia  cuneimeris 


FIGS.  11-1 2 — T  rachycardium 
egmontianum 

FIGS.  13-14 — Chione  clenchi 
FIG.  15 — Chione  intapurpurea 
FIGS.  16-1 7-— Chione  cancellata 
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PLATE  11 

All  figures  34  natural  size 


FIGS.  1-2 — Dosinia  discus 
FIGS.  3-4 — Pitar  texasiana 
FIG.  5 — Macro callista  nimbosa 


FIGS.  6-7 — Petricola  pholadiformis 

FIGS.  8-9 — Rupellaria  typicum 

FIGS.  10-11 — Venus  campechiensis  texana 
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PLATE  12 

All  figures  %  natural  size 


FIGS.  1-2 — Mactra  fragilis 
FIG.  3 — Anatina  canaliculata 
FIG.  4 — Anatina  lineata 
FIGS.  5-6 — Mulinia  lateralis 
FIGS.  7-8 — Rangia  cuneata 


FIG.  9 — Tagelus  gibbus 
FIGS.  10-11 — Donax  texasiana 
FIGS.  12-13 — Tagelus  divisus 
FIGS.  14-15 — Spisula  solidissima  similis 
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PLATE  13 

All  figures  34  natural  size 


FIGS.  1-2 — Abra  aequalis 
FIG.  3 — Semele  purpurascens 
FIGS.  4-5 — Semele  proficua 
FIGS.  6-7 — Macoma  constricta 
FIGS.  8-9 — Tellidora  cristata 
FIGS.  10-11 — Tellina  alternata 
FIGS.  12-13 — Tellina  lineata 


FIGS.  14-15 — Periploma  angulifera 
FIGS.  16-17 — Ensis  minor 
FIG.  18 — Spirula  spirula 
FIG.  19 — Dentalium  texasianum 
FIG.  20 —Pholas  campechiensis 
FIG.  21 — Barnea  costata 
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NEW  SPECIES  AND  RECORDS  OF  PARAIULID  MILLIPEDS 

FROM  TEXAS 

NELL  B.  CAUSEY 
Fayetteville,  Arkansas 

Nineteen  species'  of  millipeds  of  the  family  Paraiulidae  are  now  known 
from  Texas;  undoubtedly  others  occur,  for  there  are  still  no  records  of 
collections  from  many  parts  of  the  state.  The  numerous  species  of  this  family 
are  quite  similar  in  appearance— -always  cylindrical,  the  color  red-  or  yellow- 
brown,  the  diameter  usually  over  1.4  mm.  and  under  3  mm.  Mature  males, 
which  are  desirable  for  a  final  taxonomic  determination,  are  distinguished 
from  other  juloid  millipeds  in  the  state  by  the  greatly  enlarged  first  legs  and 
the  presence  of  conspicuous  external  gonopods  on  the  seventh  body  segment. 
Collection  is  easiest  in  winter  and  spring  months  after  rains,  when  members 
of  the  family  often  can  be  found  under  almost  any  object  that  provides 
cover,  with  cattle  droppings,  rocks,  and  woody  debris  the  most  common 
covers. 

The  holotypes  of  the  species  described  herein  will  be  deposited  in  the 
American  Museum  of  Natural  History. 

Aniulus  prosoicus  Chamberlin 

1940,  Bull.  U.  Utah,  vol.  30,  no.  11,  p.  7,  figs.  16-18;  Edinburg,  Hidalgo  Co., 

Texas. 

McAllen,  Hidalgo  Co.;  3  adults  and  numerous  larvae;  Dec.  29,  1951. 

Aniulus  adelphus  Chamberlin 
1940,  ibid.,  p.  3,  figs.  1-3;  Kendall  and  Bexar  Cos.,  Texas. 

U.  S.  Highway  No.  59,  banks  of  San  Antonio  River,  Goliad  Co.;  several  adults 

and  larvae;  Jan.  2,  1952. 

Aniulus  dorophor  Chamberlin 
1940,  ibid.,  p.  5,  figs.  11-13;  Live  Oak  Co.,  Texas. 

Same  data  as  above  species;  1  male. 

Aniulus  fluviatilis  Chamberlin 
1940,  ibid.,  p.  6,  fig.  14,  15;  Brazos  Co.,  Texas. 

U.  S.  Highway  No.  59,  banks  of  Trinity  River,  Polk  Co.;  6  males,  2  females, 

several  larvae;  Jan.  3,1952. 

Hakiulus  ligifer  (Chamberlin) 

Parajulus  ligifer  Chamberlin  1919,  Proc.  Biol.  Soc.  Wash.,  vol.  32,  p.  119;  Victoria 

Co.,  Texas. 

Hakiulus  ligifer  (Chamberlin).  Chamberlin  1940,  Bull.  U.  Utah,  vol.  30,  no.  11, 

p.  11. 

Berclair,  Goliad  Co.;  1  male;  Jan.  2,  1952. 

Hakiulus  minori,  new  species 
Figures  1-3 

This  species  resembles  H.  amorphor  Chamberlin  1940  in  the  shape  of  the  semi¬ 
nal  blades;  it  is  distinguished  from  that  and  other  members  of  the  genus  by  the  wide 
accessory  blades  and  the  shape  of  the  coxal  lobes,  which  are  not  bent  acutely  caudal, 
but  take  an  oblique  direction;  and  by  the  sternite  of  the  eighth  segment,  which  is 
smaller  than  in  other  hakiulids. 

Male  holotype. — Brown;  venter  and  pleurites  as  high  as  pores  buff;  antennae 
black;  feet  buff.  Outer  mandibular  tooth  nearest  that  of  H.  amorphor.  Anal  spine 
sharp,  extending  slightly  beyond  anal  valves.  Eighth  sternite  (Fig.  1)  small,  with 
minute  keel  on  cephalic  margin. 

Femur  (Fig.  2,  f)  of  anterior  gonopods  clavate  and  setose  as  usual;  coxal  lobe 
(cl)  elongated,  the  end  contiguous  with  its  mate  medially  below  the  eighth  sternite. 
Seminal  blades  (s)  of  posterior  gonopods  subparallel,  the  ends  contiguous  medially 
between  the  femurs;  with  a  blunt  subapical  spur  (ap)  on  the  outer  curvature.  Ac- 
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cessory  blade  (ac)  broad,  finely  wrinkled,  shorter  than  seminal  blade,  and  arising 
at  the  base  of  its  lateral  surface.  Cephalic  margin  of  coxal  plate  thin  and  recurved. 

Diameter  2.2  mm.,  54  segments. 

Female  allotype — Color  as  in  male.  Vulvae,  as  shown  in  figure  3,  typical  of  the 
genus.  Diameter  2.4  mm.,  53  segments. 

Type  locality — Lufkin,  Angelina  Co.;  2  males  and  1  female  collected  Dec.  29, 
1951,  by  Mr.  Joseph  Minor,  for  whom  the  species  is  named. 

Another  collection  was  made  at  Corrigan,  Polk  Co.,  Jan.  3,  1952;  diameter  of 
males  2.5  mm.,  females  3  mm. 

Hakiulus  diversifrons  (Wood) 

Figures  4,  5 

lulus  sp.  Wood  1864,  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  10;  Illinois. 

Wood  1865,  Trans.  Amer.  Philos.  Soc.,  p.  197,  fig.  30;  Illinois. 
lulus  diversifrons  Wood  1867  ( partim ) .  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  43; 

South  Illinois,  "rare  in  Western  States,  but  plenty  in  Texas.” 

Hakiulus  diversifrons  (Wood).  Chamberlin,  1940  Bull.  U.  Utah,  vol.  30,  no.  11, 
P-  H  = 

There  is  little  doubt  that  Wood’s  description  of  diversifrons  was  based  on  his 
single  Illinois  specimen  and  that  he  later  confused  it  with  another  Texas  hakiulid 
species.  The  accompanying  figures  of  H.  diversifrons  were  made  from  a  male  col¬ 
lected  at  Saybrook,  McLean  Co.,  Illinois,  and  now  in  the  collection  of  the  Illinois 
Natural  History  Survey.  Variations  in  the  gonopods  of  Oklahoma,  Arkansas,  and 
Texas  specimens  of  H.  parallelus  suggest  that  more  thorough  collecting  in  interven¬ 
ing  localities  might  demonstrate  an  intergradation  between  diversifrons,  parallelus, 
and  texensis. 

Hakiulus  parallelus  Chamberlin 
1940,  ibid.,  p.  12,  figs.  41-43;  Cleveland  Co.,  Okla. 

Specimens  from  the  type  locality  are  distinguished  from  the  closely  related 
H.  diversifrons  by  the  much  longer  subapical  spur  of  the  seminal  blades  and  the 
absence  of  a  ridge  at  the  base  of  that  spur.  Specimens  from  the  collections  cited 
below  show  variations  in  body  size,  size  of  the  minute  subapical  tooth,  the  shape  of 
the  end  of  the  -seminal  blade,  the  position  of  the  subapical  spur,  and  the  shape  of 
the  end  of  the  accessory  blade. 

Arkansas:  Johnson,  Sebastin,  and  Washington  Cos. 

Texas:  Dallas  Co. 

Hakiulus  texensis,  new  species 
Figues  6,  7 

This  small  species  closely  resembles  H.  parallelus;  easily  distinguished  from 
that  species  by  the  shorter,  more  curved  accessory  blades  of  the  male  gonopods. 

Male  holotype. — Sternum  of  eighth  segment  large  as  in  H.  parallelus.  Shape  of 
coxal  lobes  of  anterior  gonopods  (Fig.  6)  as  usual  in  the  genus,  but  thicker,  shorter, 
and  less  curved  distad  than  in  parallelus  and  diversifrons;  ends  not  contiguous.  Semi¬ 
nal  blade  of  posterior  gonopods  with  long  subapical  spur  (Fig.  7,  s,  p),  its  position 
as  in  specimens  of  parallelus  from  Dallas  Co.;  accessory  blade  (ac)  shorter  than  in 
related  species,  curved  cephalad,  not  visible  in  situ. 

Diameter  1.7  mm. 

Type  locality. — Kilgore,  Gregg  Co.;  1  male  collected  Dec.  22,  1951,  by  Mr. 
Wesley  Benton. 

Ethoiulus  geniculatus,  new  species 
Figures  8-10 

This  species  is  distinguished  from  the  related  E.  unilictus  Causey  1952  by  the 
more  prolonged  and  caudally  directed  coxal  lobes  of  the  anterior  gonopods,  by  the 
elongated  coxa  of  the  posterior  gonopods,  and  the  conspicuous  boundary  between  the 
coxa  and  the  telopodite. 

Male  holotype.-—' Color  perhaps  not  fully  developed;  dorsum  mottled  light 
brown,  with  the  dorsal  black  line  and  lateral  spots  conspicuous;  legs  dark  distad. 
Anal  spine  stout,  extending  slightly  beyond  anal  valves.  Segmental  sutures  do  not 
touch  pores,  but  bend  sharply  around  them.  Lateral  margin  of  collum  wide,  almost 
straight,  with  one  entire  sulcus;  second  pleurite  with  two  horizontal  striae.  Sternite 
of  eighth  segment  (Fig.  8)  with  large,  triangular  extension  that  reaches  forward 
between  the  femurs  of  the  anterior  gonopods;  conspicuous  in  situ  because  of  the 
slight  ventral  slant. 
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Fig.  1.  Eighth  sternite  of  male  holotype. 

Fig.  2.  Left  gonopods,  lateral  view,  male  holotype. 

Fig.  3.  Vulvae  of  female  paratype,  caudal  view. 

Hakiulus  diver  si  from  (Wood) 

Fig.  4.  End  of  coxal  lobe  of  left  anterior  gonopod,  caudal  view. 

Fig.  5.  Left  posterior  gonopod,  medial  view. 

Hakiulus  texensis,  new  species 

Fig.  6.  Coxal  lobe  of  left  anterior  gonopod  of  male  holotype,  caudal  view. 
Fig.  7.  Left  posterior  gonopod  of  male  holotype,  medial  view. 
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Left  gonopods  shown  in  situ,  with  the  adjacent  pleurites  removed,  in  figure  9. 
The  femur  (f)  of  the  anterior  gonopods  is  clavate  and  setose  as  usual;  the  coxal  lobe 
(cl)  is  elongated,  sigmoidally  curved,  and  the  end  is  contiguous  with  its  mate  medi¬ 
ally  below  the  base  of  the  sternal  triangle.  The  seminal  blade  of  the  posterior 
gonopods  (Figs.  9,  10,  s)  is  long,  broad,  but  narrowed  distad  and  bent  sharply 
mesad,  where  the  end  is  contiguous  with  its  mate;  the  sternum  and  the  coxa  are 
much  more  elongated  than  in  other  species  of  the  Aniulinae.  A  short,  narrow  ac¬ 
cessory  blade  (ac)  arises  on  the  lateral  surface  of  the  posterior  gonopod  at  the  junc¬ 
tion  between  the  coxa  and  the  telopodite. 

Diameter  2  mm.;  55  segments. 

Type  locality. — Fort  Bend  Co.,  U.  S.  Highway  59,  banks  of  San  Bernard  River; 
holotype  and  several  larvae  collected  Jan.  3,  1952. 

This  is  the  first  species  of  Ethoiulus  to  be  collected  in  Texas;  other  species  are 
known  in  Arkansas,  Florida,  and  Louisiana. 

Gosiulus  coni  or  mat  us  Chamberlin 
1940,  ibid.,  p.  10,  figs.  32-35;  Live  Oak  Co.,  Texas. 

Berclair,  Goliad  Co.;  1  male;  Jan.  2,  1952. 
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Ethiulus  geniculatus,  new  species 
Fig.  8.  Eighth  sternite  of  male  holotype. 

Fig.  9.  Left  gonopods,  lateral  view,  male  holotype. 

Fig.  10.  Right  posterior  gonopod  of  male  holotype,  subcaudal  view. 

Ac,  accessory  blade;  ap,  subapical  spur;  c,  coxa;  cl,  coxal  lobe;  f,  femur;  r,  ridge; 
s,  seminal  blade;  st,  sternite;  t,  subapical  tooth. 
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DISTRIBUTIONAL  DATA  ON  TEXAN 
AMPHIBIANS  AND  REPTILES* 

HOBART  M.  SMITH  AND  OTTYS  SANDERS 

In  any  of  the  formative  stages  of  an  investigational  field,  a  good  sum¬ 
mary  of  knowledge  does  more  to  spur  further  work  than  any  other  stimulus. 
The  more  rapidly  such  a  summary  becomes  antiquated  the  more  successfully 
it  will  have  achieved  its  purpose.  Bryce  Brown’s  survey  of  the  herpetofauna 
of  Texas  (1950)  is  an  excellent  example.  It  makes  the  present  account 
possible  by  providing  a  ready  measure  of  the  relative  importance  of  data 
available. 

Inasmuch  as  Brown’s  survey  encompassed  nearly  all  specimens  in  Ameri¬ 
can  museums,  additional  distributional  data  may  be  presented  with  little 
chance  of  duplication.  The  present  paper  includes  (with  rare  exception, 
always  indicated)  only  that  material,  chiefly  in  the  University  of  Illinois 
Museum  of  Natural  History  (to  which,  unless  otherwise  indicated,  speci¬ 
men  numbers  refer)  and  in  the  private  collection  of  the  junior  author  (to 
which  numbers  preceded  by  S  refer) ,  providing  locality  records  in  counties 
unrepresented  in  Brown’s  work.  Very  few  records  from  other  collections 
are  included.  Some  have  appeared  elsewhere  (chiefly  since  Brown’s  manu¬ 
script  was  written),  but  they  are  not  omitted  on  that  account.  We  have 
omitted  a  number  of  records  of  species  we  are  currently  studying  more  inten¬ 
sively  ( Bufo  americanus,  B.  debilis,  B.  msidior,  B.  woodhousii,  Graptemys 
pseudo  geographic  a) . 

In  the  present  account,  only  those  locality  records  indicating  range  ex¬ 
tensions  receive  comment;  the  form  is  to  be  expected  at  the  places  listed  if  no 
comments  appear.  As  Brown  indicates,  many  literature  records  are  unaccept¬ 
able,  chiefly  because  of  error,  either  proved  or  indicated,  of  identification 
or  in  locality  data,  or  both.  We  accordingly  include  herewith  the  collector’s 
name,  and  the  date  of  collection,  in  order  to  provide  future  students  with  as 
many  materials  as  possible  for  evaluation  of  veracity  of  data.  Identifications 
are  as  nearly  accurate  as  can  now  be  attained. 

The  nucleus  of  the  material  here  reported  was  accumulated  incidentally 
by  Sanders  over  a  period  of  about  1 5  years.  To  this  has  been  added  much 
other  material  secured  in  exchange,  by  student  field  trips,  and  by  gift.  We 
are  indebted  in  particular  to  J.  L.  Baughman,  W.  B.  Davis,  J.  W.  Hedgpeth, 
R.  W.  Reese,  and  Louis  W.  Ramsey  for  the  gift  of  several  lots  of  specimens, 
and  to  W.  L.  Burger,  Jack  Burger,  I.  L.  Firschein,  M.  M.  Hensley,  Floyd 
Kringer,  D.  A.  Langebartel,  Lowell  S.  Miller,  F.  A.  Shannon,  and  P.  W. 
Smith  for  their  energy  in  executing  field  work  yielding  other  specimens.  Drs. 
F.  B.  Adamstone  and  D.  F.  Hoffmeister  have  provided  facilities  for  field 
work  and  study,  and  the  Graduate  Research  Board  of  the  University  of 
Illinois  financed  part  of  the  travel  involved. 

In  this  account  92  species  and  subspecies,  and  22  5  new  county  records 
{i.e.y  not  given  by  Brown),  are  listed.  Range  extensions  of  17  species  and 
subspecies  are  included.  One  name  is  changed  ( Graptemys  versa  instead  of 
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Graptemys  pseudo  geo  graphic  a  versa),  one  subspecies  is  revived  (Scaphiopus 
couchii  rectif rents) ,  one  race  is  eliminated  from  the  list  of  forms  known  in 
Texas  (M anculus  quadridigita tus  uvidus) ,  four  forms  are  added  to  the  Texas 
f  rents,  Leptotyphpops  in.  dissectus) ,  and  details  other  than  distributional  are 
given  for  several  species  (e.g.  a  melanistic  color  variant  in  Kinosternon  f. 
flavescens,  taxonomic  features  of  Tantilla  g.  gracilis  and  Terrapene  Carolina 
major,  and  others). 

CAUDATA 

Amhystoma  maculatum  (Shaw).  Cass  Co.:  3  mi.  W.  Douglassville  (No.  S66l; 
Ottys  Sanders;  Apr.  23,  1950). 

Ambystoma  texanum  (Matthes).  Erath  Co.’.  Stephenville  (No.  S529;  Ottys 
Sanders;  May  27,  1945),  Chalk  Mountain  (No.  S651;  Ottys  Sanders;  Apr.  29,  1949); 
Hamilton  Co. :  Hamilton  (Nos.  S526-7;  Ottys  Sanders;  Jan.  2,  1937);  Hunt  Co.: 
Commerce  (No.  S528;  Ottys  Sanders;  May  1,  1937);  Lee  Co.:  5  mi.  N  Giddings 
(No.  S666;  Ottys  Sanders;  Oct.  26,  1950). 

Diemictylus  viridescens  louisianensis  Wolterstorff.  Anderson  Co.:  6  mi.  NNW 
Palestine  (Nos.  S516,  S517-18,  S601;  Ottys  Sanders;  1944,  Feb.  27,  1944,  Apr.  30, 
1948);  Bowie  Co.:  New  Boston  (No.  1324;  Floyd  Kringer;  Apr.  29,  1948); 
Harrison  Co.:  20  mi.  E  Jefferson  (No.  S5 1 9;  Ottys  Sanders;  June  27,  1945);  Morris 
Co.:  Vi  mi.  W  Cason  (No.  S657;  Ottys  Sanders;  May  8,  1949).  These  records  bridge 
fairly  completely  the  surprising  hiatus  in  past  records  of  this  species  in  northeastern 
Texas.  The  specimen  from  Bowie  county  was  found  near  the  banks  of  the  Red 
River  north  of  New  Boston.  It  is  a  full-grown  individual  (43.5  mm.  snout  to  vent) 
with  no  dorsal  red  markings  whatever. 

Manculus  quadridigitatus  paludicolus  Mittleman.  Bowie  Co.:  4  mi.  W  Tex¬ 
arkana  (No.  554;  W.  B.  Robertson;  Apr.  30,  1948);  Cass  Co.:  3  mi.  W  Douglassville 
(Nos.  659-660;  Ottys  Sanders;  Apr.  23,  1950);  Henderson  Co.:  between  Athens  and 
Palestine  (No.  S555;  Ottys  Sanders;  Oct.,  1938),  5  mi.  SE  Athens  (Nos.  S558-9, 
S618-22;  Ottys  Sanders;  May  17,  1942,  and  Mar.  19,  1949),  8  mi.  NW  Athens 
(Nos.  S603-12;  Ottys  Sanders;  Apr.  30,  1948);  Nacogdoches  Co.:  vicinity  of  Fern 
Lake,  Nacogdoches  (Nos.  S617,  623-30,  636-47;  Ottys  Sanders;  Apr.  3,  1949,  and 
June  26,  1948);  Rusk  Co. :  6  mi.  W  Henderson  (Nos.  S631-5;  Ottys  Sanders;  Apr. 
24,  1949),  4  mi.  NE  Henderson  (Nos.  S662-5;  Ottys  Sanders;  May  7,  1950),  4  mi. 
SE  Henderson  (Nos.  S667-9;  Ottys  Sanders;  Jan.  14,  1951). 

In  attempting  to  determine  the  racial  status  of  Texas  specimens  we  have  taken 
counts  also  on  the  following,  representing  known  localities  of  occurrence:  Anderson 
Co.:  21V2  mi.  SE  Athens  (No.  S595 ) ;  Hardin  Co.:  Saratoga  (No.  S557),  Vl  mi. 
W  Saratoga  (No.  S600) ,  Boy  Scout  Camp,  Silsbee  (Nos.  S596-9);  Harrison  Co.: 
20  mi.  E  Jefferson  (Nos.  S551-4). 

The  only  reliable  difference  distinguishing  65%  or  more  of  the  specimens  of 
M.  q.  uvidus  and  M.  q.  paludicolus  is,  according  to  Mittleman’s  review  (1947:  220, 
221),  the  number  of  costal  grooves.  In  the  former,  65%  possess  17  (or  more?) 
costal  grooves,  whereas  in  the  latter,  91%  possess  16  or  fewer  costal  grooves.  The 

other  differing  features  are  of  little  value,  since  only  a  3  mm.  difference  occurs  in 

recorded  maximum  length  (87  mm.  vs.  90  mm.,  respectively),  and  the  best  separation 
possible  (using  Mittleman’s  data,  op.  cit. :  215)  on  vomerine  tooth  counts  distin¬ 
guishes  only  47%  of  M.  q.  paludicolus  (with  a  combined  count  of  15  or  more  teeth) 
from  71%  of  M.  q.  uvidus  (with  14  or  fewer  teeth),  making  an  average  separation 
of  only  59%. 

Lacking  specimens  from  northeastern  Texas,  Mittleman  did  not  attempt  to  guess 
to  which  race  individuals  from  that  area  might  be  referable.  With  inadequate  series 

of  specimens,  Burger,  Smith,  and  Smith  (1949:130)  presumed  on  geographical 

grounds  that  the  race  represented  in  this  area  was  M.  q.  uvidus,  as  indeed  has 
Brown  (1950:30-31). 

Although  still  not  wholly  adequate,  the  specimens  listed  above  strongly  indicate 
that  only  one  race  occurs  in  Texas,  and  that  it  is  M.  q.  paludicolus.  Of  at  least  pass¬ 
ing  interest  is  the  fact  that,  so  far  as  we  are  aware,  no  other  reptiles  or  amphibians 
would  parallel  in  distribution  the  dividing  line  that  has  been  suggested.  If  two  races 
do  exist,  their  common  range  limits  would  be  expected  in  extreme  northeastern 
(Bowie  County)  or  extreme  southeastern  Texas.  No  evidence  whatsoever  exists  for 
the  occurrence  of  M.  q.  uvidus  but  it  is  still  possible  that  a  larger  series  of  individuals 
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from  Bowie  County  may  show  a  relationship  to  that  form  not  now  evident.  Until 
such  a  series  is  available,  we  refer  all  speciments  to  M.  q.  paludicolus. 

That  the  latter  form  occurs  throughout  most  if  not  all  of  eastern  Texas  is 
strongly  indicated  by  the  following  frequencies  of  40  groove  counts,  with  the  coun¬ 
ties  listed  in  a  north-south  sequence:  Bowie,  15,  16;  Cass,  16  (2);  Harrison,  16(4); 
Henderson,  16(4);  Rusk,  16(9),  17(2);  Anderson,  16;  Nacogdoches,  16(10);  Har¬ 
din,  16(5),  17.  Counts  are  listed  only  fot  those  specimens  from  which  accurate  counts 
could  clearly  be  made;  most  juveniles  and  some  adults  are  thus  omitted  from  this 
tabulation.  It  is  possible  that  these  counts  were  not  made  exactly  as  those  of  Mittle- 
man;  nevertheless,  if  two  forms  were  involved  among  the  specimens  examined  a  dif¬ 
ference  in  groove  counts  would  still  be  evident. 

SALIENTIA 

Acris  crepitans  Baird.  Bowie  Co. :  New  Boston  (Nos.  866-871;  L.  S.  Miller, 
Floyd  Kringer,  G.  R.  Webb;  Apr.  29,  1948);  Callahan  Co.:  2  mi.  W  Putnam  (Nos. 
18463-73;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  8,  1950);  Jasper  Co.: 
(Nos.  401-3;  H.  D.  Fields;  Oct.  26,  1946);  Milam  Co.:  3  mi.  N  Cameron  (No. 
S 1 8 1 1 ;  Ottys  Sanders;  Oct.  26,  1950);  Nacogdoches  Co.:  Nacogdoches  (No.  S1400; 
Ottys  Sanders;  Apr.  3,  1949);  Robertson  Co. :  5  mi.  SW  Normangee  (No.  16717; 
P.  W.  Parmalee;  Oct.  29,  1949);  Stonewall  Co. :  8  mi.  E  Aspermont  (No.  S 1 5 39; 
Ottys  Sanders;  May  14,  1949);  Wood  Co.:  Hawkins  (Nos.  18476-9;  W.  L.  Burger, 
D.  A.  Langebartel,  P.  W.  Smith;  Apr.  8,  1950). 

None  of  these  specimens  approach  the  unique  characters  of  A.  g.  paludicola. 
They  are  on  the  contrary  rather  uniformly  different  from  that  race,  and  not  readily 
distinguishable  from  more  northern  individuals. 

Bufo  cognatus  Say.  Carson  Co.:  Vi  mi.  W  Groom  (No.  7504;  F.  A.  Shannon, 
I.  L.  Firschein,  D.  A.  Langebartel;  June  27,  1949);  Garza  Co.:  9  mi.  SSE  Slaton 
(Nos.  SI 5 16-20;  Ottys  Sanders;  May  14,  1949). 

Bufo  compactilis  speciosus  Girard.  Dallas  Co.:  Dallas  (Nos.  S1497-1505,  S1594- 
95;  Ottys  Sanders;  May  17,  1949,  May  2,  1950);  Garza  Co.:  9  mi.  SSE  Slaton  (No. 
SI 521;  Ottys  Sanders;  May  14,  1949);  Live  Oak  Co.:  20  mi.  S  George  West  (Nos. 
3296-8;  F.  A.  Shannon,  D.  A.  Langebartel,  1.  L.  Firschein;  Apr.  29,  1949),  14  mi. 
S  George  West  (No.  3300;  same  data),  2.4  mi.  N  George  West  (No.  3299,  same 
data);  Mason  Co.:  11  mi.  N  Mason  (No.  S1441;  Ottys  Sanders;  Apr.  29,  1949); 
Tarrant  Co.:  IVz  mi.  E  Hurst  (Nos.  4501-2;  L.  W.  Ramsey,  E.  T.  Donlon;  Apr.  23, 

1949) ;  Young  Co.:  Olney  (No.  S1472;  Ottys  Sanders;  May  15,  1949). 

The  record  from  Dallas  County  marks  the  extreme  eastern  edge  of  the  known 
range  of  the  species  in  northern  Texas,  extending  eastward  previously  indicated  limits 
about  20  miles. 

Bufo  punctatus  Baird  and  Girard.  Dallas  Co.:  1  mi.  S  Cedar  Hill  (No.  S1059; 
Ottys  Sanders;  June  1,  1937).  This  record  extends  the  accepted  range  of  the  species 
perhaps  35  miles. 

Bufo  valliceps  valliceps  Wiegmann.  Fayette  Co.:  2  mi.  W  Schulenburg  (Nos. 
S1684-86;  Ottys  Sanders;  Aug.  10,  1950);  Hardin  Co.:  4  mi.  SSE  Saratoga  (No. 
S 1261 ;  Ottys  Sanders;  May  1,  1948);  Waller  Co. :  Brookshire  (Nos.  S1688-93,  S1708- 
12;  Ottys  Sanders;  Aug.  10,  1950). 

Hyla  cinerea  cinerea  (Schneider).  Anderson  Co.:  Palestine  (Nos.  S1095-1101; 
Ottys  Sanders;  June  5,  1943);  Henderson  Co.:  Athens  (No.  S1094;  Ottys  Sanders; 
May  17,  1942);  Rusk  Co.:  7  mi.  E  Reklaw  (Nos.  S1608-12;  Ottys  Sanders;  May  7, 

1950) ;  Tyler  Co.:  2  mi.  NNW  Warren  (Nos.  S1246-50;  Ottys  Sanders;  Apr.  30, 
1948). 

Hyla  crucifer  crucifer  Wied.  Harrison  Co.:  20  mi.  E  Jefferson  (Nos.  SI  103-7; 
Ottys  Sanders;  Apr.  1,  1934);  Nacogdoches  Co.:  Douglass  (Nos.  S1398-99;  Ottys 
Sanders;  Apr.  2,  1949);  Smith  Co.:  12  mi.  SE  Tyler  (Nos.  S1820-1;  Ottys  Sanders; 
Jan.  13,  1951).  These  records  partially  bridge  the  gap  in  northeastern  Texas  of  known 
localities  for  the  species,  adding  a  northward  range  of  about  150  miles  to  previous 
records.  Shortly  after  capture,  east  Texas  specimens  were  observed  calling.  The  call  is 
a  high  "peep”  whose  duration  abouc  equals  the  time  interval  between  calls.  About 
7  calls  can  be  emitted  in  5  seconds  when  well  under  way. 

Hyla  versicolor  chrysoscelis  Cope.  Anderson  Co.:  Palestine  (Nos.  S1091-2; 
S1093;  Ottys  Sanders;  May  16,  June  5,  1943);  Cherokee  Co.:  5  mi.  E  Rusk  (Nos. 
S1656-59;  Ottys  Sanders;  May  7,  1950);  Henderson  Co.:  10  mi.  SE  Athens  (No. 
S1081;  Ottys  Sanders;  Apr.  1,  1939);  Kaufman  Co.:  3  mi.  E  Seagoville  (No.  S1082; 
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Ottys  Sanders;  Apr.  2,  1939);  Nacogdoches  Co. :  5  mi.  W  Nacogdoches  (Nos.  S1390- 
93;  Ottys  Sanders;  June  26,  1948):  Rusk  Co. :  4  mi.  NE  Henderson  (No.  S1655; 
Ruth  Sanders;  May  7,  1950);  Somervell  Co.:  Glen  Rose  (No.  S1083;  Ottys  Sanders; 
June  1940);  Tarrant  Co. :  W  shore  Lake  Worth,  12  mi.  NW  Ft.  Worth  (No.  4504; 
L.  W.  Ramsey,  Donlon;  June  14,  1949).  The  record  from  Somervell  County  is  of 
special  interest  as  a  range  extension  of  about  55  miles  westward  from  limits  previously 
established.  It  is  northeastward  of  the  indicated  range  of  H.  v.  sandersi,  but  must  mark 
nearly  the  extreme  limit  of  the  range  of  H.  v.  chrysoscelis.  It  may  actually,  of  course, 
lie  within  an  area  of  intergradation.  Unfortunately  the  specimen  is  badly  faded,  but  it 
does  possess  vestiges  of  dark  pigment  in  areas  of  the  thigh  where  none  would  be  ex¬ 
pected  in  typical  H.  v.  sandersi.  Likewise  it  possesses  the  large  head,  and  larger  body 
size,  that  distinguish  H.  v.  chrysoscelis  from  the  western  subspecies. 

Hyla  versicolor  sandersi  Smith  and  Brown.  Mason  Co.:  7  mi.  W  Mason  (No. 
S1446;  Ottys  Sanders;  Apr.  29,  1949).  The  distinctive,  light  surface  on  rear  of  thigh, 
never  before  illustrated,  is  shown  in  text  fig.  1. 

Microhyla  carolinensis  carolinensis  (Holbrook).  Cass  Co.:  3  mi.  W  Douglassville 
(Nos.  S1554,  S1561;  Ottys  Sanders;  April  21,  1950);  Henderson  Co.:  Athens  (Nos. 
S1228-29;  Ottys  Sanders;  June  14,  1942);  Orange  Co.:  12  mi.  NW  Orange  (No.  395; 
H.  E.  Crew,  Jr.;  Sept.  28,  1946);  Refugio  Co.  :  Cedar  Bayou,  S  tip  Matagorda  Island 
(Nos.  250-1;  J.  W.  Hedgpeth;  Jan.  16,  1947);  Tyler  Co.:  2  mi.  NNW  Warren  (No. 
S 1264;  Ottys  Sanders;  Apr.  30,  1948).  The  Refugio  County  locality  is  the  western¬ 
most  (by  a  few  miles)  for  the  species,  at  least  at  the  coast.  The  specimens,  adults 
measuring  20  mm.  and  18.7  mm.  snout  to  vent,  are  typical  of  the  subspecies,  possess¬ 
ing  an  extremely  heavily  spotted  venter.  There  is  thus,  in  this  case,  no  indicated  ap¬ 
proach  to  the  characters  of  M.  c.  olivacea;  on  the  contrary,  the  known  area  of  overlap 
in  range  of  the  two  forms  is  extended. 

Microhyla  carolinensis  olivacea  (Hallowell).  Brown  Co.:  12  mi.  N  Winched 
(Nos.  S 1408- 10;  Ottys  Sanders;  Apr.  29,  1949);  Fayette  Co.:  4  mi.  E  Engle  (No. 
S1794;  Ottys  Sanders;  Aug.  10,  1950);  Grimes  Co.:  Navasota  (No.  400;  H.  D.  Fields; 
Sept.  26,  1946);  Hamilton  Co. :  5  mi.  S  Hico  (No.  S1233;  Ottys  Sanders;  Nov.  16, 
1946);  McCulloch  Co.:  2  mi.  S  Brady  (Nos.  S1415-16;  Ottys  Sanders;  Apr.  29, 
1949);  Mason  Co.:  12  mi.  W  Mason  (No.  S1425;  Ottys  Sanders;  Apr.  29,  1949). 
The  specimen  from  Grimes  County,  a  typical  subadult  measuring  22.5  mm.  snout  to 
vent  and  with  completely  unspotted  venter  and  nearly  immaculate  dorsum,  extends  the 
known  range  of  the  race  a  few  miles  eastward,  thus  augmenting  in  this  region  also 
the  known  area  of  overlap  between  the  two  forms  of  narrowmouthed  toads. 

We  are  accepting  the  conclusion  of  Hecht  and  Matalas  (1946)  with  regard  to 
the  subspecific  status  of  M.  c.  carolinensis  and  M.  c.  olivacea  in  spite  of  numero”s 
known  areas  (ad  narrow)  of  overlap  of  their  ranges  and  the  existence  of  certain 
differences  they  did  not  treat.  Bragg  (1950b: 39)  has  verified  that  interbreeding  and 
intergradation  do  occur  at  least  in  southeastern  Oklahoma. 


FIG.  1 — - Hyla  versicolor  sandersi,  from  7  mi.  W  Mason,  Mason  Co.,  Texas. 
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Pseudacris  clarkii  (Baird).  Brazoria  Cor.  Freeport  (Nos.  SI  154,  1156;  Ottys 
Sanders;  Mar.  15,  1936);  Garza  Cor.  14  mi.  E  Post  (No.  SI  157;  Ottys  Sanders); 
Hale  Cor.  10  mi.  N  Abernathy  (No.  S1478;  Ottys  Sanders;  May  15,  1949):  Hamilton 
Cor.  5  mi.  S  Hico  (Nos.  SI ? 35-36;  Ottys  Sanders;  Nov.  16,  1946);  Lubbock  Cor. 
3  mi.  NW  Slaton  (Nos.  S1476-77:  Ottys  Sanders;  May  14,  1949);  McCulloch  Cor. 
2  mi.  S  Brady  (Nos.  SI 4 19- 20;  Ottys  Sanders;  Apr.  29,  1949);  Stonewall  Cor.  8  mi. 
E  Asnermont  (No.  S1538;  Ottvs  Sanders;  May  14,  1949).  The  specimens  from  Hale 
and  Lubbock  Counties  extend  the  known  range  in  northern  Texas  westward  perhaps 
135  miles.  Burt  (1936)  has  already  recorded  the  specimens  from  Brazoria  and  Garza 
counties. 

The  comparatively  close  relationship  of  P.  clarkii  and  P.  nigrita ,  accompanied  by 
strong  indication  of  specific  distinctness,  indicate  that  these  two  probablv  should  be 
regarded  as  a  superspecies  (as  of  Mayr).  Other  eastern  forms  may  well  form  a  part 
of  the  same  superspecies. 

The  specimens  from  Freeport  are  very  small,  but  in  comparison  with  P.  n.  tri- 
sariata  of  similar  size  the  tympanum  is  larger  and  nearer  eve  and  rictus  oris  than  in 
the  latter.  Their  pattern  is  more  or  less  typical.  They  were  found  in  salt  marshes  very 
close  to  the  ocean,  in  company  with  fiddler  crabs. 

Pseudacris  nigrita  triseriata  (Wied).  Hardin  Cor.  2  Vi  mi.  ME  Saratoga  No. 
795;  M.  M.  Hensley;  Apr.  28,  1948),  2  mi.  N  Bragg  (Nos.  S1230-1 :  Ottys  Sanders; 
Mav  1.  1938):  Henderson  Cor.  Athens  (No.  SI  150;  Ottvs  Sanders;  Mar.  7,  1938); 
Pusk  Cor.  6  mi.  E  Henderson  (Nos.  S1817-9;  Ottvs  Sanders;  Jan.  13,  1951);  Smith 
Cor.  12  mi.  SE  Tvler  (Nos.  SI 873-5;  Ottvs  Sanders;  Tan.  13.  1951);  Van  Zandt  Cor. 
Grand  Saline  (Nos.  SI  557-60;  Ottvs  Sanders;  Apr.  20.  1950);  Wood  Cor.  3  mi.  N 
Quitman  (Nos.  SI  555-56;  Ottys  Sanders;  Apr.  20,  1950). 

On  the  night  of  March  27,  1938,  while  driving  from  Tyler  to  Dallas  (on  Texas 
highway  No.  64  and  U.  S.  No.  80),  the  junior  author  heard  this  species  singing  from 

numerous  pools  along  the  road  for  the  entire  distance  up  to  a  point  1 3  miles  east 

of  Dallas.  From  a  point  3  miles  east  of  Dallas  on  into  the  city  only  P.  clarkii  was 
heard. 

Pseudacris  streckeri  Wright  and  Wright.  McCulloch  Cor.  2  mi.  S  Brady  (Nos. 
S1417-18,  S1448:  Ottys  Sanders;  Apr.  29.  1949);  Morris  Cor.  14  mi.  W  Cason  (Nos. 
SI  546-48:  Ottys  Sanders;  May  8,  1949);  Rusk  Cor.  6  mi.  E  Henderson  (Nos.  SI 403-4, 
1814-6:  Ottvs  Sanders;  Apr.  24,  1949.  Jan.  13,  1951);  Smith  Cor.  12  mi.  SE  Tyler 
(Nos.  SI  823-5;  Ottys  Sanders;  Tan.  13.  1951);  Van  Zandt  Cor.  Grand  Saline  (Nos. 

SI 568-69;  Ottys  Sanders;  Apr.  20,  f950).  The  records  for  Rusk  and  Morris  counties 

extend  the  known  range  of  this  species  eastward  about  65  miles.  They  suggest  the  pos¬ 
sibility  of  occurrence  of  the  species  in  adjacent  Louisiana.  Inasmuch  as  this  species  has 
generally  been  considered  as  a  resident  solely  of  central  Texas,  its  discovery  in  eastern 
Texas  is  of  considerable  interest.  The  species  there  invades  the  pine  belt  habitat,  shared 
with  P.  nigrita. 

Rana  areolata  areolata  Baird  and  Girard.  Waller  Cor.  Waller  (No.  S1674;  Ottys 
Sanders;  Aug.  11,  1950).  The  specimen  was  taken  in  mid-day,  when  the  tempera¬ 
ture  was  about  100  degree  F.,  in  grass  near  a  service  station.  This  record,  one  of 
the  very  few  for  the  state,  extends  the  known  range  some  25  miles  northward  and 
about  50  miles  inland. 

Rana  catesbeiana  Shaw.  Taylor  Cor.  Lake  Abilene  (No.  386;  J.  T.  Willis;  Aug. 

26,  1946). 

Rana  clamitans  Latreille.  Anderson  Cor.  15  mi.  S  Palestine  (No.  SI  1 77;  Ottys 
Sanders;  June  6,  1943);  Cherokee  Cor.  7  mi.  E  Alto  (No.  S1394;  Ottvs  Sanders;  June 

27,  1948);  Harrison  Cor.  20  mi.  E  Jefferson  (Nos.  SI  178-83;  Ottys  Sanders;  Apr.  1, 
1934);  Nacogdoches  Cor.  5  mi.  W  Nacogdoches  (No.  S1395;  Ottys  Sanders;  June 
26,  1948);  Rusk  Cor.  7  mi.  E  Reklaw  (Nos.  SI 60 3 -4,  81607;  Ottys  Sanders;  May  7, 
1950);  Wood  Cor.  Hawkins  (Nos.  18506-8;  W.  L.  Burger,  D.  A.  Langebartel, 
P.  W.  Smith;  Apr.  8,  1950). 

Rana  palustris  Le  Conte.  Anderson  Cor.  6  mi.  NNW  Palestine  (No.  SI  173; 
Ottys  Sanders;  Feb.  27,  1944);  Harrison  Cor.  20  mi.  E  Jefferson  (No.  SI  174;  Ottys 
Sanders;  Apr.  1,  1934);  Jasper  Cor.  (No.  377;  H.  D.  Fields;  Oct.  26,  1946).  The 
records  from  Anderson  and  Harrison  counties  tend  to  confirm  Brown’s  prediction 
that  the  species  occurs  throughout  eastern  Texas.  They  extend  the  range  limits  as 
previously  recorded  about  100  miles  northward. 
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Rana  pipiens  berlandieri  Baird.  Grimes  Co.:  Navasota  (No.  375;  H.  D.  Fields; 
Sept.  26,  1946);  Hamilton  Co.:  (No.  SI  176;  Ottys  Sanders;  Jan.  2,  1937);  McCulloch 
Co.:  2  mi.  S  Brady;  (No.  S1421;  Ottys  Sanders;  Apr.  29,  1949);  Rusk  Co.:  6  mi.  H 
Henderson  (No.  S1406;  Ottys  Sanders;  Apr.  24,  1949),  5  mi.  E  New  Summerfield 
(Nos.  1606;  Ottys  Sanders;  May  6,  1950);  Titus  Co.:  IV2  mi.  E  Cookville  (No. 
9367;  W.  L.  Burger,  Jack  Burger;  Tune  28,  1949);  Wood  Co.:  Hawkins  (No.  18501; 
W  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  8,  1950). 

This  appears  to  be  the  most  widely  distributed  race  of  Rana  pipiens  in  Texas. 
Its  occurrence  in  the  extreme  northeast  suggests  that  it  is  unlikely  another  race,  R.  p. 
sphenocephala  (as  here  envisioned)  exists  in  southeastern  Oklahoma  (as  regarded 
possible  by  Bragg,  1949:213).  This  is  especially  true  since  in  Texas  the  latter  race 
appears  to  be  limited  to  the  southeastern  corner. 

All  specimens  listed  above  are  more  or  less  alike  in  general  appearance,  having 
a  head  of  moderate  width,  and  numerous  dorsal  spots. 

Rana  pipiens  hrachycephala  Cope.  Shacklejord  Co.:  5  mi.  W  Albany  (No.  SI  175; 
Ottys  Sanders;  Apr.  14,  1936). 

As  implied  by  the  work  of  Mittleman  and  Gier  (1942)  and  especially  Bragg 
(1949)  is  appears  that  the  extremely  broad-headed  race  of  Rana  pipiens  from  western 
Texas  is  distinguishable  from  the  race  cf  central  and  eastern  ( except  extreme  southeast) 
Texas.  Brown  (1950:76)  has.  of  course,  realized  this  probability,  but  the  substantiat¬ 
ing  work  of  Bragg  (1950a)  had  not  appeared  before  his  work  was  in  press.  We  do 
not  believe  sufficient  evidence  is  available,  however,  to  establish  conclusively  the  spe¬ 
cific  status  tentatively  accepted  by  Bragg  ( loc .  cit.) ,  and  prefer  to  retain  for  the  pre¬ 
sent  a  more  conventional  subspecific  arrangement. 

Rana  pipiens  sphenocephala  Cope.  Gonzales  Co.:  4  mi.  E  Harwood  (No.  S1740; 
Ottys  Sanders;  Aug.  10,  1950);  Hardin  Co.:  Silsbee  (Nos.  S1260,  S 1 263 ;  Ed  John¬ 
son,  Flovd  Potter:  May  1,  1948). 

This  race,  like  the  preceding,  was  anticipated  bv  Brown  (1950:76-77).  who  has 
records  from  the  same  areas  listed  above,  as  well  as  from  others  undoubtedly  based  up¬ 
on  similar  specimens.  These  are  verv  slender-headed  frogs  with  usually  no  dorsal 
spots  upon  the  snout.  They  are  readily  distinguishable  from  representatives  of  the 
preceding  two  races,  and  appear  to  be  identical  with  or  at  least  subspecifically  in¬ 
distinguishable  from  R.  p.  sphenocephala. 

Scaphiopus  couchii  couchii  Baird.  Live  Oak  Co.:  20  mi.  S  George  West  (No. 
3445:  W.  L.  Burger,  I.  L.  Firschein,  R.  W.  Reese,  F.  A.  Shannon,  P.  W.  Smith;  Apr. 
29,  1949). 

Scaphiopus  couchii  rectifrenis  Cope.  Palo  Pinto  Co.:  5  mi.  E  Mineral  Wells 
(Nos.  SI 003 -4;  Ottvs  Sanders;  Apr.  29,  1934);  Runnels  Co.:  Winters  (Nos.  S1375- 
89;  Bob  Mitchell:  May  26.  1948).  These  specimens  differ  markedly  from  those  of 
extreme  southern  Texas  and  eastern  Mexico,  in  having  a  larger  adult  size  and  a  more 
uniformly  reticulated  pattern  (when  present).  Individuals  of  S.  c.  couchii  are  smaller, 
darker,  and  their  patterns  tend  to  possess  a  preponderance  of  dark  pigment  which  us- 
uallv  vaguely  outlines  a  pair  of  sinuous  paravertebral  light  lines.  Inasmuch  as  the 
northern  individuals  resemble  those  from  western  Texas,  and  from  Mexico  west  of  about 
101°  L.  west,  we  adopt  for  them  the  name  Scaphiopus  rectifrenis,  based  originally  by 
Cope  upon  two  cotypes  (both  now  lost),  one  from  Tamaulipas,  the  other  from  Rio 
Nazas,  Coahuila.  Smith  and  Taylor  (1950:328)  restrict  the  name  to  the  Coahuila  co- 
tvpe,  which  would  apparently  represent  the  western  race  of  S.  couchii.  We  here  follow 
that  restriction,  and  adopt  the  name  rectifrenis  for  the  western  race. 

A  satisfactory  outline  of  the  ranges  and  area  of  intergradation  between  these  two 
races  remains  to  be  determined. 

Scaphiopus  hurterii  Strecker.  Dallas  Co.:  Dallas  (Nos.  S 1 529-3 5 ,  S1544-5;  Ottys 
Sanders;  May  17,  1949);  Kaufman  Co.:  Terrell  (Nos.  S1005-8;  Ottys  Sanders); 
Live  Oak  Co.:  2  mi.  S  George  West  (No.  3443;  W.  L.  Burger,  I.  L.  Firschein,  R.  W. 
Reese,  F.  A.  Shannon,  P.  W.  Smith;  Apr.  29,  1949);  Rusk  Co.:  6  mi.  E  Henderson 
(No.  S1405;  Ottys  Sanders;  Apr.  24,  1949);  Tarrant  Co.:  2 V2  mi.  E  Hurst  (Nos. 
4520-5;  L.  W.  Ramsey,  Donlon;  Apr.  23,  1949);  Walker  Co.:  Huntsville  (Nos. 
S1009-10;  Don  Baird;  May  4,  1935).  The  record  from  Live  Oak  county  is  on  the 
extreme  western  edge  of  the  known  range  of  the  species  at  that  latitude. 

Syrrhopus  marnockii  Cope.  Edwards  Co.:  29  mi.  SW  Junction  (No.  S1447;  Ot¬ 
tys  Sanders;  Apr.  30,  1949).  We  are  wholly  in  accord  with  Milstead  et  al  (1951:550) 
who  regard  S.  gaigeae  as  indistinguishable  at  the  present  time  from  S.  marnockii. 
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PLATE  I  —  Explanation  of  Figures 

FIG.  1 — Graptemys  versa.  Baylor  Univ.  No.  2086,  Morgan  Creek.  Burnet  Co.,  Texas. 

Carapace  67.5  mm.  in  length. 

FIG.  2 — Same  as  preceding. 

FIG.  3 — Pseudemys  floridana  texana.  Baylor  Univ.  No.  3858,  Chtistoval,  Tom  Green 
Co.,  Texas.  Carapace  38.5  mm.  in  length. 

FIG.  4 — Same  as  preceding. 
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TESTUDINES 

Chelydra  serpentina  serpentina  (Linnaeus).  Harrison  Co.:  10  mi.  N.  Marshall 
(No.  1243;  R.  W.  Reese;  Apr.  30,  1948). 

Amy  da  emoryi  (Agassiz).  Zapata  Co.:  Zapata  (No.  19332;  E.  H.  Taylor,  H.  M. 
Smith;  Sept.  3,  1932). 

Deirochelys  reticularia  (Latreille) .  Jefferson  Co.:  2  mi.  W  Sabine  Pass  (No. 
1321;  W.  L.  Burger;  May  2,  1948). 

Graptemys  versa  Stejneger.  Burnet  Co.:  Morgan  Creek  (Baylor  Univ.  No.  2086; 
J.  K.  Strecker);  San  Saba  Co.:  San  Saba  River  (Baylor  Univ.  No.  6676;  Zool.  107 
class;  Sept.  25,  1937);  6  mi.  W  Bend,  Rough  Creek  (Chicago  Nat.  Hist.  Mus.  nos. 
55556-7;  J.  E.  Johnson,  J.  Sparks;  June  19-20,  1948),  25  mi.  W.  San  Saba  (Chicago 
Nat.  Hist.  Mus.  no.  55561;  J.  Sparks;  June,  1948).  Mr.  I.  Lester  Firschein  advises 
us  that  another  specimen,  which  we  have  not  seen,  was  collected  by  him  and  Dr. 
Charles  E.  Burt  on  the  Llano  River,  5  miles  west  of  Junction,  Kimble  County,  in  the 
summer  of  1947.  The  specimen  is  now  lost,  but  as  both  Dr.  Burt  and  Mr.  Firschein 
independently  confirm  its  identity  as  Graptemys,  and  since  G.  versa  is  the  only  form 
of  the  genus  known  from  the  area,  we  believe  the  record  reliable. 

So  far  as  we  are  aware,  the  only  localities  from  which  this  form  has  been  re¬ 
corded  heretofore  are  the  type  locality  ( Austin,  Texas ) ,  the  southern  fork  of  Llano 
River,  northeastern  Edwards  County,  Texas,  and  the  south  fork  of  the  Concho  River 
near  Christoval,  Tom  Green  Co.,  Texas.  Accordingly  the  specimens  cited  above  are  of 
special  interest,  although  they  were  taken  within  the  range  previously  known. 

The  original  description  (Stejneger,  1925)  is  exceedingly  brief  and  no  further 
details  have  since  appeared.  Moreover,  the  original  description  is  difficult  to  interpret 
and  has  led  upon  occasion  to  the  belief  that  it  applied  to  the  typical  eastern  Texas 
race  of  G.  pseudogeographica. 

In  reality  the  form  appears  to  be  extremely  distinct.  The  head  and  plastron  pat¬ 
terns  are  so  remarkably  different  from  those  of  G.  pseudogeographica  with  so  litttle 
evidence  of  direct  derivation  from  other  races  of  the  latter  species  that  G.  versa  is  here 
considered  a  distinct  species. 

The  transverse  postorbital  light  spot  characteristic  of  G  .pseudogeographica  is  pre¬ 
sent  in  G.  versa,  although  somewhat  narrower  than  usual  .It  extends  diagonally  an- 
teromedially  near  the  orbit  border  (not  widely  separated  from  the  orbit  as  in  G. 
geographica)  and  ends  abruptly  above  the  rear  of  the  eye.  It  does  not  curve  posteriorly 
from  this  point  as  is  the  case  in  G.  pseudogeographica. 

The  posterolateral  end  of  the  postorbital  light  spot  is  extended  directly  poster¬ 
iorly  from  a  level  about  even  with  the  middle  of  the  eye,  and  continues  a  distance 
about  equal  to  the  length  of  the  rest  of  the  marking. 

Thus  the  postorbital  light  spot  itself  can  truly  be  said  to  possess  an  extension 
backward  from  its  "lower  outer’’  (posterolateral)  instead  of  the  "upper  inner”  (an¬ 
teromedial)  edges.  The  marking  is  partially  evident  in  Fig.  1  of  the  accompanying 
plate. 

Three  light  lines  cross  the  tympanum;  the  upper  and  lower  are  the  broadest;  the 
former  extends  to  the  posterolateral  edge  of  the  orbit,  the  latter  to  the  angle  of  the 
jaws.  Between  these  is  a  narrow  third  line  which  parallels  the  uppermost  throughout 
its  length. 

The  plastron  (see  Fig.  2)  in  the  smallest  specimen  (58  mm.  plastron  length, 
67.5  mm.  carapace  length)  is  dark-marked  along  each  of  the  transverse  sutures  — 
narrowly  on  all  except  the  femoro-abdominal  sutures.  The  median  suture  between  the 
femorals  is  broadly  dark-marked,  and  that  between  the  humerals  is  narrowly  dark- 
marked;  a  fairly  large  dark  area  centers  about  the  juncture  of  the  point  of  contact  of 
the  median  pectoral  with  the  median  abdominal  suture.  This  pattern  is  much  simpler 
and  less  extensive  than  that  of  G.  p.  pseudogeographica,  and  resembles  more  closely 
that  of  G.  geographica.  In  the  somewhat  larger  individual  (95  mm.  carapace  length) 
the  plastral  markings  are  virtually  absent,  visible  only  very  faintly  on  the  anterior  lobe. 

The  specimen  from  Burnet  County  is  apparently  the  one  reported  by  Strecker 
( 1909:8)  as  G.  oculifera.  Unfortunately  the  two  reported  in  the  same  work  as  G. 
geographica  could  not  be  found  in  the  Strecker  Collection  at  Waco  (August,  1946). 
Another  reported  (1915:13  and  1926:7)  as  G.  oculifera  from  Athens,  Henderson, 
Co.,  is  probably  either  G.  p.  kohnii  or  a  variant  related  to  G.  p.  pseudographica. 

In  CNHM  55561,  an  adult  female  ( 162  mm.  carapace  length ) ,  the  head  mark¬ 
ings  are  typical.  In  two  juvenile  males  (FMNH  55556-7,  88  mm.  and  94  mm.  car¬ 
apace  length)  the  rear  extension  of  the  postorbital  light  spot  is  represented  by  an  iso- 
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lated,  oval  or  round  light  dot  a  little  more  than  1  mm.  in  diameter;  this  dot  is  situated 
in  the  expected  position  of  the  posterior  tip  of  the  extension.  In  one  there  is  a  short 
projection  of  the  postorbital  mark  toward  the  vestigial  dot,  but  in  both  individuals  a 
distance  of  about  2.5  mm.  separates  the  isolated  dot  from  the  postorbital  mark.  This 
deviation  from  the  normal  pattern  is  regarded  simply  as  a  (probably)  normal  varia¬ 
tion  in  the  species;  it  does  not  represent,  apparently,  an  approach  to  the  pattern  of 
G.  pseudogeographica.  The  smaller  individual  shows  faint  remnants  of  the  typical 
juvenile  pattern  as  described  in  a  preceding  paragraph. 

Kinosternon  flavescens  flavescens  (Agassiz).  Aransas  Co.:  betw.  Tivoli  and 
Rockport  (Nos.  2260-2;  J.  L.  Baughman;  Oct.  26,  1946),  Rockport  (No.  2263;  J- 
L.  Baughman;  Sept.  23,  1946);  Denton  Co.:  5.3  mi.  NW  Carrollton  (No.  17068; 
Ottys  Sanders;  May  13,  1948);  Jack  Co.:  1  mi.  SE  Joplin  (No.  18967;  Ottys  Sand¬ 
ers;  May  14,  1949);  Kent  Co.:  Jayton  (No.  18966;  Ottys  Sanders;  May  14,  1949); 
Refugio  Co.:  Austwell  (Nos.  2264-5;  B.  P.  Glass;  June  1-2,  1946). 

The  specimens  from  Aransas  county  are  unusual  in  possessing  dark  throats,  thus 
differing  conspicuously  from  typical  individuals  in  which  a  light  throat  is  the  rule. 
One  (No.  2263)  is  extremely  dark,  with  mottled  lower  jaw,  venter  of  neck  very  nearly 
as  dark  as  dorsum,  a  dim  ventrolateral  light  line,  and  very  faint  indications  of  lateral 
light  lines.  The  other  three  individuals  are  not  quite  so  dark,  but  still  darker  than 
typical  specimens.  The  ventrolateral  light  streaks  are  visible  in  all  except  one  (No. 
2261).  All  four  are  adults,  2  males  and  2  females. 

The  specimens  from  nearby  Refugio  county,  perhaps  only  10-20  miles  distant, 
are  smaller,  but  the  largest  of  the  two  (99  mm.  carapace  length)  is  light  on  ventral 
surface  of  head  and  neck  as  in  typical  individuals. 

The  significance  of  this  variation  remains  to  be  established.  If  the  deviation 
proves  constant  it  is  probable  that  a  local  race  should  be  recognized. 

Kinosternon  subruhrum  hippocrepis  Gray.  Bowie  Co.:  3  mi.  E  New  Boston 
(Nos.  1227-31;  P.  W.  Smith;  Apr.  30,  1948);  Jefferson  Co.:  Pine  Island  (No.  123 2; 
L.  S.  Miller;  May  2,  1948),  Port  Arthur  (No.  1233;  R.  W.  Reese;  May  3,  1948); 
Ft.  Bend  Co.:  3  mi.  S  Beasley  (No.  2270;  G.  A.  Engeling;  June  29,  1946.) 

Pseudemvs  floridana  hoyi  (Agassiz).  Harris-Montgomery  Co.:  Spring  Creek, 
on  boundary  between  counties  at  intersection  with  Highway  75  (Private  coll.  Wern¬ 
er  H.  Gottsch,  Houston,  Texas;  1  spec.,  live).  The  specimen  is  a  typical  subadult  male 
with  ocelli  on  the  hind  legs,  and  no  inner  lines  between  the  cornua  and  midventral 
stripe,  as  described  by  Burger,  Smith  and  Smith  (1949:133).  The  locality  is  the 
westernmost  (by  about  75  miles)  known  for  the  race  in  southern  Texas,  although 
it  is  known  equally  far  west  in  northeastern  Texas  (Athens.  Henderson,  Co). 

Pseudemvs  floridana  texana  Baur.  Tom  Green  Co.:  Christoval  (Baylor  Univ.  No. 
3858;  W.  J.  Williams;  June,  1928).  This  is  a  juvenile  measuring  only  38.5  mm.  in 
Jeneth  of  caraoace,  yet  the  median  notch  and  flanking  projections  are  clearly  evident  at 
the  at>ex  of  the  upper  jaw.  The  juvenile  pattern  is  unique  and  is  illustrated  here  for 
the  first  time.  (PI.  1,  Figs.  3,  4). 

Pseudemys  scripta  elegans  (Wied).  Milam  Co.:  18  mi.  SW  Gause  (No.  7063; 
I.  L.  Firschein.  Dave  A.  Laneebartel.  F.  A.  Shannon;  July  27,  1949);  Webb  Co.:  La¬ 
redo  (Nos.  1309-11;  E.  H.  Taylor,  H.  M.  Smith;  June,  1932).  All  three  Laredo  spec¬ 
imens  have  the  postocular  spot  separated  from  the  line  normally  continuous  with  it 
posteriorly  as  in  P.  s.  gaigeae,  but  the  spot  remains  elongate  and  reaches  the  orbit,  con¬ 
trary  to  the  situation  in  normal  individuals  of  the  latter  race.  These  specimens  may  well 
be  considered  intergrades,  but  much  closer  to  P.  s.  elegans  than  to  P.  s.  gaigeae. 

Sternotherus  odoratus  (Latreille).  Medina  Co.:  15  N  Castroville,  on  Medina 
River  (No.  19327;  A.  J.  Kirn;  May  6,  1937). 

Terrapene  Carolina  major  (Agassiz).  Jefferson  Co.:  Pine  Island  (No.  1253;  L. 
S.  Miller;  Mav  2,  1948).  This  specimen  possesses  onlv  3  claws  on  each  hind  foot, 
but  is  regarded  as  a  representative  of  the  stated  race,  rather  than  of  T.  c.  triunguis ,  be¬ 
cause  of  the  (1)  conspicuous  dorsal  pattern  of  broad,  radiating  yellow  lines  and  (2) 
the  sharply  upturned  posterolateral  margin  of  the  carapace.  One  other  specimen  ob¬ 
served  from  near  the  same  locality,  and  now  in  A.  J.  Kirn’s  collection,  also  had  a 
sharply  recurved  rear  margin  of  the  carapace.  In  none  of  the  specimens  of  T.  c.  tri¬ 
unguis  available  is  the  margin  turned  upward  to  an  equal  degree. 

Terrapene  Carolina  triunguis  (Agassiz).  Bexar  Co.:  San  Antonio  (No.  2298;  A. 
R.  Cahn;  1930);  Grayson  Co.:  Wood  Lake  (No.  2297;  R.  J.  Peterson;  May,  1941); 
Milam  Co.:  6  mi.  SW  Gause  (No.  7065;  I.  L.  Firschein,  D.  A.  Langebartel,  F.  A. 
Shannon;  July  27,  1949).  San  Antonio  is  only  some  25-30  miles  west  of  other  local- 
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ities  recorded  for  the  species,  but  the  extensive  investigation  of  the  area,  absence  of 
other  records,  and  the  known  frequency  in  occurrence  of  erroneous  data  upon  Cahn 
specimens,  render  the  record  for  that  locality  open  to  serious  question. 

Terrapene  ornata  (Agassiz).  Childress  Co.:  3  mi.  N  Childress  (Nos.  24593-4; 
Ottys  Sanders;  June  16,  1951),  6  mi  N  Childress  Nos.  24595-6;  Ottys  Sanders;  June 
16,  1951);  Collingsworth  Co.:  Wellington  (Nos.  24597-8;  Ottys  Sanders;  June  16, 
1951),  4  mi.  N  Wellington  (No.  44599;  Ottys  Sanders;  June  16,  1951);  Gray  Co.: 
2.3  mi.  W  McLean  (No.  7070;  I.  L.  Firschein,  D.  A.  Langebartel,  F.  A.  Shannon; 
June  27,  1949);  Kent  Co. :  14  mi.  E  Clairmont  (No.  18968;  Ottys  Sanders;  May  14, 
1949). 

LACERTILIA 

Cnemidophorus  inornatus  Baird.  Ector  Co.:  Odessa  (No.  2084;  A.  R.  Cahn; 
June  17,  1930).  The  locality  is  a  few  miles  northeast  of  others  recorded  for  the 
species. 

Cnemidophorus  sexlineatus  (Linnaeus).  Upshur  Co.:  5  mi.  E  Gilmer  (No. 
19002;  Ottys  Sanders;  May  8,  1949). 

Cnemidophorus  tesselatus  (Say)  Hudspeth  Co.:  14.5  mi.  NW  Allamore  (No. 
18571;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  7,  1950). 

Crotaphytus  collaris  collaris  (Say).  Menard  Co.:  25.6  mi.  NE  Junction  (No. 
4479;  L.  W.  Ramsey;  May  1,  1949);  Callahan  Co.:  2  mi.  W.  Putnam  (Nos.  18520-5; 
W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  April  8,  1950). 

Eumeces  hrevilineatus  Cope.  Llano  Co.:  Llano  (No.  12778;  C.  C.  Bowers;  Nov. 
24,  1946). 

Eumeces  fasciatus  (Linnaeus).  Morris  Co.:  l^mi.  W  Cason  (No.  18988;  Ottys 
Sanders;  May  8,  1949). 

Eumeces  laticeps  (Schneider).  Rusk  Co.:  4  mi.  NE  Henderson  (No.  18983; 
Ottys  Sanders;  May  5,  1950). 

Eumeces  septentrionalis  ohtusirostris  Bocourt.  Leon  Co.:  Normangee  State  Park 
(No.  1945;  C.  C.  Kent;  Aug.  16,  1946);  Titus  Co.:  3  mi.  S  Mt.  Pleasant  (No.  18985; 
Ottys  Sanders;  April  21,  1950).  The  former  locality  is  about  25  miles  east  and  the 
latter  about  100  miles  east,  of  others  recorded  for  the  species  by  Brown.  The  Titus 
County  locality  is  about  50  miles  east  of  the  projected  range  shown  by  Smith  and 
Slater  (1949:  446).  The  specimen  from  this  locality  has  the  typical  light  chin,  broad 
subcaudals,  divided  postmental  and  tiny  postlabials  that  distinguish  the  species  from 
the  only  other  (E.  anthr acinus )  with  which  confusion  is  likely. 

Holbrookia  maculata  lacerata  Cope.  Runnels  Co. :  Winters  (No.  17100;  W.  A. 
Neely;  August  11,  1938).  This  individual,  an  adult  female  measuring  53  mm.  snout 
to  vent,  lacks  the  subcaudal  dark  spots  characteristic  of  this  race.  It  seems  to  possess 
the  usual  distinctive  dorsal  pattern,  but  is  so  badly  discolored  that  this  is  not  assured. 
Since  the  locality  represented  is  near  the  middle  of  the  range  of  the  form,  we  assign 
this  individual  to  race  chiefly  on  the  basis  of  geographic  provenience. 

Holbrookia  texana  (Troschel).  Callahan  Co.:  2  mi.  W.  Putnam  (No.  18570; 
W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  April  8,  1950);  Haskell  Co.:  Banks 
of  Brazos  River,  W  Rule  (No.  18970;  Ottys  Sanders;  May  14,  1949). 

Ophisaurus  v entrails  v entrails  (Linnaeus).  Ft.  Bend  Co.:  3  mi.  S  Beasley  (No. 
12949;  G.  A.  Engeling;  July  16,  1946). 

Phrynosoma  cornutum  (Harlan).  Eastland  Co. :  Ranger  (No.  2057;  A.  R.  Cahn; 
probably  1930);  Kent  Co.:  2  mi.  W.  Clairemont  (No.  19005;  Ottys  Sanders;  May 
14,  1949);  Live  Oak  Co.:  Three  Rivers  (No.  3999;  W.  L.  Burger,  I.  L.  Firschein, 
R.  W.  Reese,  F.  A.  Shannon,  P.  W.  Smith;  April  14,  1949);  Taylor  Co.:  Lake  Abi¬ 
lene  (No.  12869;  J.  T.  Willis;  Sept.  21,  1946). 

Sceloporus  olivaceus  Smith.  Smith  Co.:  5  mi.  W  Arp  (No.  17093;  Ottys 
Sanders).  This  locality  is  about  100  miles  east  of  others  from  which  Brown  records 
the  species.  Burt,  however  (1937:536),  records  the  species  from  the  same  locality, 
probably  on  the  basis  of  the  same  specimen.  The  example  is  typical,  with  28  dorsals, 
12-13  femoral  pores  and  large  supraoculars. 

Sceloporus  poinsettii  Baird  and  Girard.  Brown  {op.  cit. :  106)  states  that  "a 
literature  record  for  Brownwood,  Brown  County,  needs  confirmation.”  The  record 
is  in  Smith  (1938:  613),  and  is  there  stated  "Brown  Co.:  San  Saba  River,  south 
of  Brownwood.”  The  specimens  involved  were  collected  by  one  of  us  (Smith),  and 
there  can  be  no  doubt  that  they  were  secured  on  the  San  Saba  River.  The  actual 
locality  is  one  of  the  rocky  cliffs  such  as  are  typically  inhabited  by  the  species,  only 
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a  few  hundred  yards  from  the  mouth  of  the  river  at  the  Colorado  River.  The  county 
actually  is  San  Saba  County,  and  references  to  Brown  County  are  incorrect. 

Sceloporus  undulatus  consobrinus  Baird  and  Girard.  Callahan  Co.:  2  mi.  W  Put¬ 
nam  (No.  18566;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  8,  1950). 

Sceloporus  undulatus  hyacinthinus  (Green).  Angelina  Co. :  Lufkin  (No.  18996; 
Ottys  Sanders;  Apr.  2,  1949);  Cherokee  Co.:  Rusk  (No.  18997;  Ottys  Sanders;  Apr. 
3,  1949);  Henderson  Co. :  8  mi.  NW  Athens  (No.  17065;  Ottys  Sanders;  April  30, 

1948) ;  Lavaca  Co.:  7  mi.  S  Schulenburg  (No.  20207;  Ottys  Sanders;  Oct.  29,  1950); 
Liberty  Co. :  1  mi.  N  Hardin  (No.  922;  Floyd  Kringer;  May  1,  1948);  Red  River 
Co.:  5  mi.  N  Clarksville  (No.  17078;  Ottys  Sanders;  June  28,  1945);  Smith  Co.: 
5  mi.  W  Arp  (Nos.  17079-10;  Ottys  Sanders);  Titus  Co.:  Mt.  Pleasant  (Nos.  18990- 
1;  Ottys  Sanders;  Apr.  24  and  May  8,  1949);  Upshur  Co.:  5  mi.  E  Gilmer  (No. 
18992;  Ottys  Sanders;  May  8,  1949).  These  specimens  are  uniformly  different  from 
examples  from  the  eastern  part  of  the  range  of  the  subspecies;  whether  the  distinction 
is  of  taxonomic  nature  remains  to  be  determined.  The  problem  is  currently  under 
study. 

Scincella  laterale  (Say).  Hamilton  Co.:  Hamilton  (Nos.  17122-4;  Ottys  Sanders; 
Jan.  2,  1937);  Morris  Co.:  %  mi.  W  Cason  (Nos.  18977-9;  Ottys  Sanders;  May  8, 

1949) ,  2  mi.  E  Naples  (Nos.  18980-2;  Ottys  Sanders;  Apr.  21,  1950);  Titus  Co. : 
Mt.  Pleasant  (No.  18976;  Ottys  Sanders;  May  8,  1949);  Van  Zandt  Co.:  1.5  mi.  E 
Edgewood  (No.  18573;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith). 

Uta  stansburiana  stejnegeri  Schmidt.  Hudspeth  Co.:  3.9  mi.  NW  Ft.  Hancock 
(Nos.  18543-5;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  7,  1950),  14.5 
mi.  NW  Alamore  (No.  18546;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr. 
7,  1950). 

SERPENTES 

Agkistrodon  contortrix  contortrix  (Linnaeus).  Orange  Co.:  12  mi.  NW  Orange 
(No.  12774;  H.  E.  Crew,  Jr.;  Sept.  28,  1946). 

Agkistrodon  contortrix  laticinctus  Gloyd  and  Conant.  Grayson  Co.:  Lake  Texoma, 
500  yards  from  Texas  shore  (No.  12772;  D.  A.  Buck;  July  5,  1946).  This  specimen 
was  found  swimming  across  the  lake  more  than  a  quarter  of  a  mile  from  shore.  It 
seems  clearly  referable  to  this  subspecies,  although  Brown  (op.  cit.:  213)  refers 
specimens  from  "north  of  Denison”,  Grayson  County,  to  A.  c.  mokeson.  The  present 
individual  has  broad  bands,  11  on  body,  varying  in  length,  on  middorsal  line,  from 
5  to  10  scales,  average  7.5.  The  bands  are  little  narrower  medially  than  laterally,  but 
only  3  (the  posterior)  are  directly  continuous  with  the  belly  pattern;  the  others 
terminate  on  the  edges  of  the  ventrals.  Only  in  the  latter  respect  does  the  specimen 
resemble  A.  c.  mokeson;  its  characters  are  preponderantly  those  of  A.  c.  laticinctus. 

Agkistrodon  piscivorus  leucostomus  (Troost).  Mr.  I.  Lester  Firschein  advises  us 
that  he,  in  company  with  Dr.  Charles  E  Burt,  secured  one  specimen  of  the  cotton- 
mouth  during  the  summer  of  1947,  at  a  locality  5  miles  west  of  Junction,  Kimble  Co., 
Texas.  This  is  about  100  miles  west  of  the  nearest  previous  record  at  that  latitude, 
although  farther  south  in  Texas  cottonmouths  are  known  even  farther  west  (mouth  of 
Devil’s  River,  Valverde  County,  and  Eagle  Pass,  Maverick  County).  Brown  (op. 
cit. :  215)  states  that  these  western  records  require  confirmation;  he  does  not  accept 
them  on  the  basis  of  present  evidence.  Ramsey’s  report  (1948:  228)  from  Paint  Creek 
in  Kimble  Co.,  1  mi.  N  Edwards  Co.  line,  renders  even  more  plausible  both  the 
present  record  and  those  from  more  southwesterly  localities.  We  have  not  seen  the 
Firschein-Burt  specimen,  which  has  been  lost. 

Arizona  elegans  elegans  Kennicott.  La  Salle  Co.:  IV2  mi.  N  Millett  (No.  6137; 
W.  L.  Burger,  Jack  Burger;  June  30,  1949). 

Coluber  constrictor  flaviventris  Say.  Bell  Co.:  IV2  mi.  N  Temple  (No.  5139; 
W.  L.  Burger,  Jack  Burger;  June  29,  1949);  Titus  Co.:  IV2  mi.  E  Cookville  (No. 
6138;  W.  L.  Burger,  Jack  Burger;  June  28,  1949). 

Crotalus  horridus  atricaudatus  Latreille.  Grayson  Co.:  Lake  Texoma  (No.  19374; 
D.  H.  Buck;  Sept.  5,  1946).  This  individual,  secured  in  an  area  midway  between 
the  ranges  of  C.  h.  horridus  and  C.  h.  atricaudatus  as  depicted  by  Gloyd  (1940:  175, 
188)  and  approximately  60  miles  northeast  of  localities  previously  recorded  (Brown, 
op.  cit.:  218),  is  an  adult  agreeing  perfectly  with  Gloyd’s  (op.  cit.)  diagnosis  of  C.  h. 
atricaudatus.  The  specimen  has  27  scale  rows,  a  well-defined  postocular  dark  stripe, 
light  centers  in  the  anterior  lateral  blotches,  and  a  clearly  defined,  contrasty  pattern. 
Whether  this  indicates  the  nature  of  the  entire  population  of  the  area  is  uncertain. 
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Diadophis  punctatus  arnyi  Kennicoti.  Cooke  Cor.  Red  River  N  Gainesville  (Nos. 
17036-7;  Ottys  Sanders;  March  21,  1937'). 

Elaphe  emoryi  emoryi  (Baird  and  Girard).  Cooke  Co. :  Red  River  N  Gaines¬ 
ville  (No.  24569;  Ottys  Sanders;  March  21,  1937). 

Elaphe  obsoleta  lindheimerii  (Baird  and  Girard).  Comal  Co.:  5V2  mi.  N  New 
Braunfels  (No.  6160;  W.  L.  Burger,  Jack  Burger;  June  30,  1949). 

Farancia  ahacura  reinwardtii  (Schlegel).  Jefferson  Co.:  Beaumont  (No.  1096; 
Floyd  Kringer;  May  2,  194(8). 

Haldea  striatula  (Linnaeus).  Bowie  Co.:  4  mi.  N  New  Boston  (No.  1136;  R.  L. 
Haas;  Apr.  29,  1948);  Denton  Co. :  Camp  Tejas,  Lake  Dallas  (Nos.  17043-4;  Ottys 
Sanders;  Apr.  8,  1934);  Erath  Co.:  Stephenville  (No.  17045;  Ottys  Sanders;  Apr.  27, 
1935);  Harrison  Co.:  7  mi.  S  Marshall  (No.  3829;  W.  L.  Burger,  I.  L.  Firshein,  R. 
W.  Reese,  F.  A.  Shannon,  P.  W.  Smith;  Apr.  29,  1949);  Marion  Co.:  12.2  mi.  S 
Linden  (Nos.  18588-92;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  9, 
1950);  Morris  Co.:  V2  mi.  W  Cason  (No.  18949-50;  Ottys  Sanders;  May  8,  1949); 
Wise  Co. :  Decatur  (No.  17049;  Ottys  Sanders;  Apr.,  1940). 

Heterodon  nasicus  nasicus  Baird  and  Girard.  Deaf  Smith  Co.:  41/2  mi.  SW 
Hereford  (No.  24440;  M.  Max  Hensley  and  W.  L.  Burger;  August  29,  1948);  Hale 
Co.:  10  mi.  N  Abernathy  (No.  18944;  Ottys  Sanders;  May  15,  1949). 

Hypsiglena  ochrorhyncha  ochrorhyncha  Cope.  Hudspeth  Co.:  14.5  mi.  NW 
Allamore  (No.  18622;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  7,  1950). 
Heretofore  this  race  has  been  recorded  in  Texas  only  from  Brewster  County,  in  the 
vicinity  of  the  Chisos  Mountains,  whereas  H.  o.  texana  has  been  recorded  from 
localities  as  near  the  present  one  as  16  mi.  SE  Van  Horn,  Culberson  County,  and  El 
Paso,  El  Paso  County.  Nevertheless  the  present  specimen  appears  to  be  entirely  typical 
of  the  race,  having  very  small  spots  (some  split  on  median  line)  extending  from  the 
8th  to  the  14th  scale  row,  involving  about  10-12  scales  and  separated  from  each 
other  by  a  minimum  distance  of  about  one  scale  row.  The  ventrals  are  183,  caudals 
47  (female),  scale  rows  21-21-17,  total  length  321  mm.,  tail  45  mm.  The  6th 
supralabial  is  about  V2  (or  slightly  less)  dark,  and  the  upper  lateral  spots  are 
small,  involving  2-3  scale  rows. 

The  range  of  this  race  apparently  extends  northward  from  Chihuahua  into  at 
least  a  small  part  of  extreme  western  Texas  west  of  the  Big  Bend,  although  it  does 
not,  apparently,  reach  the  El  Paso  region  nor,  probably,  beyond  the  Howard  Basin 
region  of  trans-Pecos  Texas. 

Hypsiglena  ochrorhyncha  texana  Stejneger.  Callahan  Co.:  Putnam  (No.  18621; 
W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  8,  1950).  A  badly  crushed 
specimen  (DOR)  shows  the  typicai  pattern  of  large  lateral  spots  and  large  dorsal 
spots  separated  from  each  other  by  a  maximum  of  less  than  one  scale  row. 

Lampropeltis  calligaster  calligaster  (Harlan).  Cherokee  Co.:  17.4  mi.  W  Hen¬ 
derson,  Rusk  County  (No.  18942;  Ottys  Sanders;  May  6,  1950);  Hardin  Co.:  4  mi.  N 
Votaw  (No.  1106;  W.  L.  Burger;  May  2,  1948);  Tyler  County:  Doucette  (No.  1105; 
R.  W.  Reese;  Apr.  30,  1948). 

Another  specimen  from  Dallas,  Dallas  County,  Texas  (No.  18941;  Ottys 
Sanders;  March  23,  1950),  has  a  remarkable  pattern  anomaly,  the  dorsal  spots  being 
relatively  small,  closely  placed  (57  on  body),  virtually  all  divided  on  the  median 
dorsal  line.  The  blotches  on  the  Cherokee  County  specimen  are  likewise  somewhat 
abnormal,  being  irregularly  shaped,  most  of  them  oblique  in  position,  widely  spaced 
(32  on  body),  and  somewhat  constricted  medially.  Other  individuals  available  indi¬ 
cate  that  at  least  in  number  and  spacing  of  blotches  two  geographic  races  are 
probably  recognizable  in  Texas;  one  or  more  may  be  distinguishable  elsewhere.  There 
is  an  obvious  need  for  a  careful  study  of  the  geographic  variation  in  this  species. 

Leptotyphlops  dulcis  (Baird  and  Girard).  Baylor  Co.:  15  mi.  N  Seymour  (Nos. 
4490-1;  L.  W.  Ramsey;  April  15,  1949);  Montague  Co.:  1  mi.  S  St.  Jo  (Nos. 
24579-82;  Ottys  Sanders;  June  16,  1951).  All  of  these  approach  the  area  of  inter¬ 
gradation  of  L.  dulcis  and  L.  myopicus  dissectus  as  determined  by  Klauber  (Trans. 
San  Diego  Soc.  Nat.  Hist.,  9:  107-108,  116,  map  p.  158,  1940).  Certain  data  of 
importance  in  consideration  of  intergradation  follow,  respectively:  dorsals  221,  223, 
215,  216,  222,  224;  subcaudals  14,  14,  15,  15,  15  15;  sequence,  smallest  to 
largest,  of  median  head  scales,  1-2-4-3,  3-2-1-4,  1-2-4-3,  4-3 -1-2,  1-3-2-4,  2-1-4-3, 
first  dorsal  wide,  narrow,  wide,  narrow,  narrow,  wide;  occipitals  1-1  in  all;  anterior 
supralabials  1-1  in  all;  pigmented  scale  rows  7  posteriorly,  5(2)  or  7  anteriorly  in 
all;  lower  labials  dimly  pigmented  in  one.  None  of  these  specimens  clearly  indicate 
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intergradation,  although  the  greatly  widened  first  dorsal  (which  is  at  least  somewhat 
widened  in  all)  is  apparently  unusual  in  this  species,  common  in  L.  m.  dissectus. 

Leptotyphlops  myopicus  dissectus  (Cope).  Montague  Co.:  1  mi.  S  St.  Jo  (No. 
24578;  Ottys  Sanders;  June  16,  1951).  If  properly  allocated  this  specimen  is  the 
first  of  this  species  to  be  reported  east  of  the  Pecos  in  Texas,  although  localities  from 
which  the  species  is  recorded  in  Oklahoma  (Klauber,  op.  cit.\  117,  map  p.  158) 
suggest  occurrence  of  the  form  in  adjacent  parts  of  Texas. 

The  specimen  might  well  be  regarded  as  an  intergrade  between  L.  dulcis  and 
L.  m.  dissectus,  as  indeed  with  ample  justification  Klauber  has  done  with  comparable 
specimens  in  Oklahoma,  since  it  has  two  anterior  supralabials  on  one  side  (as  in 
L.  m.  dissectus)  one  on  the  other  (as  in  L.  dulcis).  Because  of  its  possession  of  some 
other  peculiarities  apparently  more  rigidly  limited  to  L.  m.  dissectus ,  the  specimen 
is  assigned  to  that  form;  the  concept  of  intergradation  is  not  regarded  as  receiving 
support  by  this  individual.  Pertinent  data  follow:  dorsals,  235;  subcaudals,  15; 
sequence,  smallest  to  largest,  of  median  head  scales,  2 -4-1-3;  first  dorsal  narrow; 
occipitals  1-1;  pigmented  scale  rows,  9  posteriorly,  7  anteriorly;  lower  labials  promi¬ 
nently  pigmented. 

From  northern  Texas  to  Kansas  only  two  characters  have  been  determined  to 
be  reliably  distinctive  of  the  two  forms  involved:  number  of  anterior  labials  (two  in 
L  m.  dissectus,  one  in  L.  dulcis ),  and  number  of  dorsals  (230  or  more  in  L.  m. 
dissectus ,  fewer  in  L.  dulcis).  Klauber  (op.  cit.)  does  not  give  the  extremes  for  this 
area,  but  points  out  the  existence  of  a  northward  decrease  in  mean  dorsal  count  from 
a  southern  extreme  of  236. 50±  1.81  in  southern  Texas  to  a  northern  extreme  of 
219. 00±  2.84  in  Comanche  Co.,  Oklahoma.  Our  own  counts  do  not  exceed  224  for 
L.  dulcis,  but  an  overlap  may  nevertheless  exist  in  this  area  between  the  two  species. 
Klauber  does,  as  a  matter  of  fact,  record  one  L.  m.  dissectus  from  Norman,  Oklahoma, 
with  224  dorsals.  Determinations  of  specimens  has,  however,  hinged  finally  upon  the 
nature  of  the  anterior  supralabial,  those  with  the  scales  divided  on  both  sides  being 
assigned  to  L.  m.  dissectus,  those  with  neither  divided  to  L.  dulcis,  and  those  with 
one  divided  and  the  other  undivided  to  an  intergrade  status. 

On  the  other  hand,  if  the  anterior  supralabial  is  in  reality  not  a  reliable  indicator 
in  this  area,  assumption  that  it  is  reliable  would  naturally  lead  to  error  in  assuming 
an  overlap  in  dorsal  scale  count.  Of  possible  significance  in  this  regard  is  the  fact 
that  all  of  Klauber’s  intergrades,  as  well  as  one  f( dissectus” ,  have  dorsal  counts  of 
224  or  less;  our  own  "intergrade”  has  one  of  235.  Lack  of  clear  intermediacy  of 
dorsal  counts  in  the  possible  intergrade  area  at  least  suggests  that  the  supralabial 
character  has  there  lost  its  stability,  and  that  the  dorsal  scale  count  is  the  more 
reliable  indicator  of  specific  identity.  Thus  some  individuals  of  L.  m.  dissectus  with 
neither  anterior  supralabial  divided  may  be  expected  to  occur  (actually,  none  are 
known  even  with  this  interpretation  of  identification;  the  nearest  approach  is  in  our 
present  specimen,  the  division  occurring  on  only  one  side),  and  some  L.  dulcis  with 
either  or  both  divided  may  occur  (both  conditions  known  to  do  so).  ' 

In  possible  support  of  this  view,  which  maintains  the  forms  as  separate  species 
despite  an  overlap  in  supralabial  count  in  a  limited  area,  and  in  dorsal  scale  count  if 
the  entire  race  is  considered,  are  two  other  characters  the  significance  of  which  cannot 
now  fully  be  known,  but  which  may  be  rigidly  linked  with  the  species  throughout 
their  ranges.  In  our  single  L.  m.  dissectus,  and  in  the  only  other  representatives  of  the 
species  available  (two  L.  m.  myopica)  9  scale  rows  are  strongly  pigmented  at  the 
posterior  part  of  the  body  (even  2  more  in  some,  but  more  weakly),  whereas  in  all 
L.  dulcis  available  (a  total  of  10)  only  7  scale  rows,  as  previously  described  for 
both  forms,  are  heavily  pigmented.  In  3  of  the  10  L.  dulcis  only  5  scale  rows  are 
uniformly  pigmented  anteriorly.  Furthermore,  and  probably  less  significantly,  all  the 
L.  myopicus  have  the  median  infralabials  clearly  pigmented;  none  of  the  L.  dulcis  do, 
although  one  specimen  shows  some  pigment  there. 

We  do  not,  of  course,  regard  as  proved  the  absence  of  intergradation  between 
L.  dulcis  and  L.  myopicus.  There  is  sufficient  evidence  to  indicate,  nevertheless,  that 
intergradation  may  well  not  occur  where  previously  suspected  in  Oklahoma,  where  the 
two  forms  have  diverged  to  a  maximum  degree  in  dorsal  scale  count.  The  probability 
is  that  intergradation,  if  it  does  exist,  will  be  found  in  Mexico,  from  where  indeed 
one  specimen  with  an  intermediate  anterior  supralabial  has  been  recorded  (Klauber, 
op.  cit.:  108,  map  p.  158).  The  whole  matter  of  intergradation  remains  uncertain, 
however,  until  all  differential  characters  are  re-evaluated;  degree  of  pigmentation  is 
one  obviously  of  importance.  The  peculiarities  of  known  geographic  trends  in  differ- 
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ential  characters  are  such  that,  for  the  present,  retention  of  a  specific  status  for  both 
L.  dulcis  and  L.  myopicus  is  to  be  recommended.  Of  no  small  interest  is  the  fact  that 
L.  dulcis  itself  may  well  be  composed  of  two  or  more  geographic  races  (Klauber,  op. 
cit .:  111)  whose  geographic  trends  do  not  parallel  those  of  L.  myopicus. 

Masticophis  flagellum  flagellum  (Shaw).  Marion  Co. :  12.2  mi.  S  Linden  (No. 
18580;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  9,  1950). 

Masticophis  flagellum  testaceus  (Say).  Dallas  Co.:  Dallas  (No.  24588;  Ottys 
Sanders;  March  1948);  Duval  Co.:  4  mi.  SE  Benevides  (No.  17854;  E.  H.  Taylor, 
H.  M.  Smith;  September  12,  1932);  Stonewall  Co.:  4 Yi  mi.  E  Aspermont  (No. 
18940;  Ottys  Sanders;  May  14,  1949).  No.  24588  is  from  the  extreme  eastern  edge 
of  the  range,  but  is  an  adult,  typically  marked  for  the  race. 

Matrix  erythrogaster  flavigaster  Conant.  Harrison  Co.:  1  mi.  E  Waskom  (No. 
24583;  Ottys  Sanders;  July  29,  1951).  This  specimen,  approximately  400  mm.  in 
total  length,  has  but  faint  evidence  of  a  pattern. 

Matrix  erythrogaster  transversa  (Hallo well) .  Austin  Co.:  Stephen  F.  Austin  State 
Park  (No.  24565;  Ottys  Sanders;  April  26,  1941);  Grayson  Co.:  Rock  Creek,  Lake 
Texoma  (No.  19382;  D.  H.  Buck;  August  13,  1946);  Kaufman  Co.:  4  mi.  NE  Kemp 
(No.  24584;  Ottys  Sanders;  June  30,  1951).  No.  19382,  measuring  only  620  mm. 
in  total  length,  possesses  a  very  weak  pattern  that  somewhat  resembles  the  expected 
type  in  M.  e.  flavigaster.  The  other  two  individuals,  both  juveniles,  have  a  well- 
developed  pattern  despite  the  fact  that  both  localities  represented  border  the  range 
of  M.  e.  flavigaster. 

Matrix  grahamii  (Baird  and  Girard).  Burleson  Co. :  Alexander  Slough  (No. 
12776;  A.  K.  Sparks;  September  20,  1946).  Several  other  specimens  secured  at  the 
same  place  are  in  the  collection  of  the  Department  of  Wildlife  Management,  Texas 
A.  and  M.  College.  This  was  one  of  the  few  places  near  the  college  where  the 
species  could  be  obtained  in  moderate  abundance.  Specimens  were  found  at  night  with 
the  aid  of  a  gasoline  lantern  in  a  shallow  siough  populated  also  by  various  other 
species  of  Matrix  and  by  numerous  cottonmouths.  N.  grahamii  was  distinctive  by  its 
great  shyness:  the  heads  of  the  snakes  would  be  seen  projecting  from  the  water  only 
near  the  limits  of  the  lantern  rays,  and  would  disappear  under  the  water  upon  closer 
approach.  To  secure  the  snakes  it  was  necessary  to  rush  the  spot  where  a  head  was 
seen  and  grope  quickly  into  the  murky  water,  or  to  shoot  the  heads  with  .22  shot 
shells.  Other  species  of  snakes  more  frequently  would  allow  cautious  approach  to 
within  arm’s  distance. 

Matrix  rhombifera  rhombifera  (Ha Howell) .  Williamson  Co.:  Willis  Creek  (No. 
13082;  J.  G.  Teer;  Apr.  10,  1949). 

Matrix  rigida  (Say).  Harris  Co.:  5  mi.  N  Channelview  (No.  21905;  Ottys 
Sanders;  Mar.  10,  1951). 

Matrix  sipedon  confluens  Blanchard.  Falls  Co.:  Laguna  (No.  1583;  C.  S.  Brim- 
ley;  June,  1906).  The  locality  is  now  known  as  Satin,  fide  Rand  McNally  reference 
maps. 

Rhinocheilus  lecontei  tessellatus  Garman.  Comanche  Co.:  5  mi.  S  Dublin  (Cor¬ 
nell  Univ.;  Ottys  Sanders;  May  6,  1944);  Howard  Co.:  4.4  mi.  SW  laton  (No. 
18586;  W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  7,  1950). 

Salvador  a  lineata  Schmidt.  Starr  Co. :  Arroyo  El  Salado,  13  mi.  SE  Rio  Grande 
City  (No.  18730;  E.  H.  Taylor,  H.  M.  Smith;  Sept.  6,  1932). 

Sonora  episcopa  (Kennicott).  Callahan  Co.:  2  mi.  W  Putnam  (No.  18606; 
W.  L.  Burger,  D.  A.  Langebartel,  P.  W.  Smith;  Apr.  8,  1950);  Hamilton  Co.:  7  mi. 
S  Hico  (Nos.  4496-7;  L.  W.  Ramsey,  Donlon;  Apr.  28,  1949). 

Storeria  dekayi  texana  Trapido.  Anderson  Co.:  20  mi.  SE  Athens  (No.  17028; 
Ottys  Sanders;  March  17,  1940);  Fayette  Co.:  4  mi.  E  Engle  (No.  18959;  Ottys 
Sanders;  August  10,  1950);  Henderson  Co.:  10  mi.  E  Athens  (No.  17029;  Ottys 
Sanders;  March  17,  1940);  Jefferson  Co.:  Beaumont  (No.  1170,  R.  L.  Hass;  May 
2,  1948).  The  specimens  from  Anderson  and  Henderson  counties  were  taken  at  the 
extreme  recorded  northeastern  range  of  the  subspecies  in  Texas,  although  the  species 
is  to  be  expected  to  the  Arkansas  border.  The  specimens  show  no  tendency  toward 
S.  d.  wrightorum,  which  may  be  expected  in  the  extreme  northeastern  corner. 

Tantilla  gracilis  gracilis  Baird  and  Girard.  Denton  Co. :  Camp  Tejas,  Lake  Dallas 
(Nos.  17034,  17053;  Ottys  Sanders;  Apr.  8,  1934);  Kimble  Co.:  Paint  Creek  Ranch, 
29  mi.  SW  Junction  (Nos.  4498,  18953-54;  L.  W.  Ramsey,  Ottys  Sanders;  April 
30,  May  1,  1949);  Refugio  Co.:  Aransas  Refuge  (Texas  A.  &  M.  College;  W.  C. 
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Glazener;  Jan.  17,  1941);  Panola  Co.:  23  mi.  NE  Mt.  Enterprise  (No.  18957;  Ottys 
Sanders;  May  7,  1950).  The  Refugio  County  specimen  is  from  near  the  type  locality 
(Indianola,  Calhoun  County). 

Three  of  the  six  specimens  available  from  Atascosa  County  (Nos.  4913,  18773, 
18775)  possess  on  the  head  an  unusually  dark  color  which  is  rather  abruptly  truncate 
posteriorly.  The  condition  is  rarely  found  elsewhere. 

In  a  recent  paper  Kirn,  Burger,  and  Smith  (1949:238)  propose  a  partition  of 
Tantilla  gracilis,  recognizing  a  northern  race,  T.  g.  hallowelli,  and  a  southern  one, 
T.  g.  gracilis.  The  two  races  differ  in  ventral  and  caudal  count,  as  well  as  in  tail/ 
total  length  ratio.  The  most  useful  "key”  character  is  the  number  of  ventrals.  In 
females  of  T.  g.  gracilis,  30  of  a  total  of  117  have  129  or  more  ventrals  (74%), 

whereas  in  T.  g.  h allow elli s ,  69  of  a  total  of  103  have  129  or  more  (33%).  In  males 

of  T.  g.  gracilis,  33  of  a  total  of  120  have  120  or  more  ventrals  (28%)  whereas  in 
T.  g.  hallowelli,  135  of  a  total  of  173  have  120  or  more  ventrals  (72%).  Thus  the 

average  separation  is  in  excess  of  70%,  although  the  overlap  of  extremes  is  almost 

complete. 

The  geographic  variation  in  ventral  count  is  obviously  of  a  clinal  nature,  the 
extreme  counts  occurring  at  the  extremes  in  range  and  a  transition  occurring  between. 
Our  data  do  show,  however,  that  the  line  is  not  a  uniform  one,  but  is  abrupt  in  the 
area  designated  as  the  intergrading  zone,  whereas  elsewhere  it  is  much  less  pronounced. 
Were  specimens  from  a  narrow  zone  of  intergradation  omitted  from  our  calculations, 
the  percentage  of  separation  might  well  have  been  improved.  Furthermore,  the  samples 
studied  were  not  from  localities  unifoimly  distributed  over  the  range.  We  had  access 
to  many  more  specimens  from  areas  near  the  stated  zone  of  intergradation  than  from 
the  extremes  in  range,  and  this  fact  more  than  any  other  probably  reduces  the  per¬ 
centage  of  separation  observed. 

A  correction  should  be  made  in  the  range  of  subcaudal  counts  in  female  T.  g. 
gracilis,  as  stated  in  table  1  {op.  cit.:  247  ),  from  36-49  to  33-49. 

Thamnopbis  marciana  marciana  (Baird  and  Girard).  Washington  Co.:  Brenham 
(No.  2675;  A.  J.  Kirn;  Apr.  26,  1945);  Frio  Co.:  2  mi.  N  Dilley  (No.  6329;  W.  L. 
Burger,  Jack  Burger;  June  30,  1949).  The  specimen  from  Brenham  marks  the  ex¬ 
treme  eastern  edge  of  the  range  of  the  species  in  Texas;  a  series  is  reported  from  the 
same  locality,  however,  by  Mittleman  (1949:246). 

Thamnopbis  marciana  nigrolatens  (Brown).  Deaf  Smith  Co.:  1.8  mi.  W  Here¬ 
ford  (No.  6407;  I.  L.  Firschein,  Dave  Langebartel,  F.  A.  Shannon;  June  27,  1949). 

Thamnopbis  sauritus  proximus  (Say).  Burleson  Co.:  Alexander  Slough  (No. 
19395;  A.  K.  Sparks;  September  23,  1946),  1  mi.  E  Welborne  (No.  19396;  A.  K. 
Sparks;  September  29,  1946);  Crockett  Co.  :  mouth  of  Live  Oak  Creek,  Pecos  River 
(No.  4499;  L.  W.  Ramsey;  June  3,  1949);  Gonzales  Co.:  Palmetto  State  Park  (No. 
19398;  F.  W.  Fitch);  Harrison  Co.:  7  mi.  S  Marshall  (No.  3795;  W.  L.  Burger,  I. 
L.  Firschein,  R.  W.  Reese,  F.  A.  Shannon,  P.  W.  Smith;  April  29,  1949);  Live  Oak 
Co.:  Three  Rivers  (No.  24586;  Ottys  Sanders;  April  21,  1951);  Zapata  Co.: 
Zapata  (No.  18921;  E.  H.  Taylor  and  H.  M.  Smith;  September  3,  1932). 
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ERRATA 

In  Frederick  Stead’s  paper  "Foraminifera  of  the  Glen  Rose  Formation 
(Lower  Cretaceous)  of  Central  Teaxs,”  Texas  Journal  of  Science,  Volume 
3,  Number  4,  pages  577-605,  the  following  corrections  should  be  made: 

Page  586,  line  1,  "Rotalidae”  should  be  spelled  Rotaliidae. 

Page  5  8  8,  line  10,  "-—a  long  tabular  undivided  second  chamber,  etc.,  should 
be  changed  to  read:  "-—a  long  tubular  undivided  second  chamber,  etc.” 

Page  592,  line  17.  "V erneuilinoides  schnizea  (Cushman  and  Alexander) ’’ 
should  be  corrected  to  ffV.  schizea  (Cushman  and  Alexander). 

Page  601,  Figures  14-15,  "Cuenolina  trinit ensis”  should  be  Cuneolina  trini- 
tensis  n.  sp. 

Page  601,  Figures  19-21,  "Quinqueleculina  sp.”  should  be  changed  to 

Quinqueloculina  sp. 

Page  601,  Figures  26-27,  "Dictyconus  walnutensis  (Carsey)”  should  be 
changed  to  Dictyoconus  ivalnutensis  (Carsey). 


ERRATA 

Through  an  error,  credit  for  the  illustrations  used  in  Dr.  Lange’s  paper 
"The  Feast  Day  Dance  at  Zia  Pueblo,  New  Mexico,  August  15,  1951/’  the 
following  picture  credit  was  omitted:  Courtesy  Dr.  A.  J.  O.  Anderson, 
Museum  of  New  Mexico,  Santa  Fe,  New  Mexico.  These  pictures  were  taken 
by  Wesley  Bradford  about  1920. 
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SUMMER  BIRDS  OF  THE  CANADIAN  “BREAKS” 
IN  HUTCHINSON  COUNTY,  TEXAS 

WILLIAM  LAY  THOMPSON 
University  of  Texas 


INTRODUCTION 

The  summer-resident  birds  of  northeastern  Hutchinson  County,  Texas 
were  studied  on  the  Bugbee  ranch  between  June  8  and  July  12,  1950.  Al¬ 
though  the  list  of  species  observed  and  collected  at  this  time  cannot  be 
considered  as  complete  for  the  region  because  of  the  short  period  of  study, 
it  does  provide  some  interesting  additions  to  previous  records  from  the  central 
region  of  the  Texas  Panhandle.  The  birds  of  the  central  Panhandle  were 
recently  studied  by  Stevenson  (1942). 

I  wish  to  express  my  thanks  to  the  other  members  of  the  field  party 
who  were  very  helpful  in  contributing  information  and  specimens,  and  par¬ 
ticularly  to  Wilmot  A.  Thornton  for  his  help  in  collecting  and  preparing 
the  specimens.  I  am  especially  indebted  to  Dr.  George  Miksch  Sutton,  who 
kindly  identified  some  of  the  more  doubtful  birds.  Above  all,  I  wish  to  thank 
Dr.  W.  Frank  Blair  for  his  direction  and  suggestions,  both  in  the  field  and 
in  the  preparation  of  this  report. 

ECOLOGICAL  ASSOCIATIONS 

Hutchinson  County  lies  on  the  western  edge  of  the  Mixed-grass  Plains  district  of 
the  Kansan  biotic  province  as  delimited  by  Blair  (1950).  Thornthwaite  (1948) 
places  the  area  on  the  eastern  edge  of  the  semiarid  region  with  regard  to  moisture 
and  describes  it  as  Mesothermal  B’2  with  regard  to  thermal  efficiency.  It  is  located  on 
the  eastern  limits  of  the  High  Plains  and  is  derived  largely  from  Cenozoic  sedimenta¬ 
tion.  The  gray,  limy-sandstone  strata  are  much  eroded  along  streams  to  form  steep 
escarpments  and  canyons.  Beneath  the  Cenozoic,  Permian  strata  have  been  exposed 
by  erosion  along  the  Canadian  River  system.  The  sandy  soil  of  the  broad  floodplains 
is  of  recent  origin,  derived  from  both  Cenozoic  and  Permian  deposits. 

Bugbee  ranch  is  located  just  north  of  the  Canadian  River  and  is  crossed  by  several 
of  its  tributaries,  on  one  of  which,  Bugbee  Creek,  was  done  most  of  the  work  upon 
which  this  report  is  based. 

Trees  are  very  scarce  throughout  the  region,  but  some  do  occur  near  streams. 
Cottonwoods  grow  along  the  larger  ravines  and  on  the  floodplain  of  the  main  stream. 
Areas  of  sand-sage  and  sumac  surround  the  groves  of  these  trees  and  gradually  give 
way  to  the  sand-sage  association.  Small  willow  groves  occur  on  wet  areas  beside  the 
stream  bed.  Salt-cedar  is  prominent  on  the  Canadian  River,  but  it  occurs  rather  sparse¬ 
ly  on  Bugbee  Creek. 

Stream  bed  association — The  stream  bed  association  as  here  described  refers  to 
the  broad,  flat  floodplain,  largely  devoid  of  vegetation  except  for  some  grasses,  includ¬ 
ing  Bouteloua  curtipendula,  Boulteloua  hirsuta,  Buchloe  dactyloides,  and  Andropogon 
saccharoides;  sedges,  including  Eleocharis;  horsetails  ( Equisetum ) ;  and  salt-cedar 
( Tamarix  gallic  a ) . 

Kildeer  were  the  most  numerous  birds  here.  Nests  of  the  killdeer  and  mourning 
dove  were  found  on  the  sand  bars. 

Tule  pond  association — Tule  ( Typha  latifolia)  ponds  were  found  in  small  "pot¬ 
holes”  at  the  juncture  of  two  streams.  Muskrats  abounded  in  such  places,  as  did  red¬ 
wings.  The  King  rail  wras  also  found  here. 

Willow  association — The  willows  along  the  stream  bed  in  some  places  formed 
rather  dense  thickets  and  provided  shelter  for  many  birds.  The  grasses  and  sedges  of 
the  stream  bed,  including  Bouteloua ,  Buchloe,  and  Andropogon ,  and  Eleocharis,  ex¬ 
tended  into  this  association.  Other  forbs  growing  here  included  Helianthus,  Trades- 
cantia,  Oenothera,  Polanesia,  Callirhoe,  Solanum,  and  Rudbeckia. 
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The  chief  avian  occupants  of  this  area  were  the  orchard  oriole,  bluebird,  and 
cowbird.  Both  the  orchard  oriole  and  the  bluebird  nested  in  the  willows. 

Marsh  association — As  here  described,  this  association  is  distinct  from  the  Tule 
ponds.  It  comprised  marshy  areas  bordering  the  stream  proper,  and  it  was  covered 
with  short  grasses  and  a  few  scattered  willows.  The  grasses  were  mostly  Aristida, 
Buchloe,  and  Bouteloua.  Some  Eleocharis  and  a  few  small  stands  of  Typha  also  oc¬ 
curred  here. 

Red-wings  frequented  such  areas,  and  several  of  their  nests  were  found  there. 

Cottonwood  association — The  cottonwood  association  showed  the  greatest  diversity 
of  avian  species.  Cottonwoods  ( Populus  deltoides)  occurred  in  groves  of  from  two  or 
three  to  many  trees  near  streams.  Also,  there  was  some  sumac  ( Schmaltzia )  and  wild 
plum  (Prunus) ,  as  well  as  herbs  including  Monarda,  Ranunculus,  Evolulus,  Plantago, 
and  Gaillardia. 

Such  birds  as  the  blue  jay,  red-headed  woodpecker,  plumbedous,  chickadee,  Bull¬ 
ock’s  oriole,  and  yellow-billed  cuckoo  were  numerous  here.  In  addition,  several  others 
were  found  to  be  most  concentrated  in  or  confined  to  the  cottonwoods  (see  Table  I). 
Nests  of  the  mockingbird,  blue  jay,  Bullock’s  oriole,  eastern  and  Arkansas  kingbirds, 
yellow-billed  cuckoo,  red-headed  woodpecker,  Mississippi  kite,  and  red-tailed  hawk 
were  found  in  this  association. 

Sand-sage — sumac  association- — Sand-sage  ( Artemisia )  and  herbaceous  plants 
such  as  Panicum,  Chloris,  Trade scantia,  Gutierrezia,  and  Phy sails  comprised  most  of 
the  vegetation  of  this  association. 

Few  birds  were  seen  and  none  was  collected  in  this  area.  The  bobwhite  and 
mourning  dove  were  fairly  common  here. 

Mesquite — blue  stem  association — -Areas  of  rnesquite  ( Prosopis  juliflora)  were  of 
limited  distribution,  being  limited,  for  the  most  part,  to  the  stony  hillsides.  Other 
woody  plants  included  some  Acacia  and  sumac  (Schmaltzia) .  Herbaceous  plants  in¬ 
cluded  Sluestem  (Andropogon) ,  Aristida,  Bouteloua,  and  Gutierrezia. 

Lark  sparrows  predominated  in  the  avian  population.  One  scissor-tailed  flycatcher’s 
nest  was  found  in  this  association. 

Open  meadow  association — This  is  a  somewhat  arbitrarily  delimited  association 
composed  of  open  areas  along  the  valley  floor,  covered  by  grasses  and  other  herbace¬ 
ous  plants,  with  few  shrubs  or  trees.  Buchloe  dactyloides,  Bouteloua  curtipendula, 
Bouteloua  hirsuta,  and  Andropogon  saccharoides  wTere  the  principal  grasses.  Helianthus, 
Croton,  Gaillardia,  Callirrhoe,  Solanum,  and  Rudheckia  were  the  most  numerous 
forbs.  Some  scattered  hackberry  trees  ( Celtis )  and  a  few  soapberry  trees  ( Sapindus 
drummondii)  occurred  here.  Such  areas  provided  the  principal  pasturage  for  cattle 
on  the  ranch.  Meadowlarks  and  killdeer  frequented  this  type  of  habitat.  Meadowlarks 
and  mourning  doves  nested  here. 

Rocky  slope  association — The  rocky  slopes  of  the  hills  and  washes  formed  a  dis¬ 
tinct  environment.  Little  vegetation  was  found  on  the  steep  slopes,  but  some  grape 
( Vitis )  vines,  and  various  grasses  and  forbs  such  as  Aristida,  Bouteloua  curtipendula, 
Buchloe  dactyloides,  Andropogon,  and  Oenothera  were  able  to  gain  a  foothold. 

Rock  wrens  found  such  areas  suitable,  and  nested  there. 

ANNOTATED  LIST  OF  SPECIES 

Thirty-nine  species  of  birds  were  collected,  and  eight  more  were  observed,  making 
a  total  of  47  species  recorded  from  the  Bugbee  ranch.  Ninety-one  specimens  were 
collected.  They  are  now  in  the  Texas  Natural  History  Collection  at  the  University 
of  Texas. 

Where  the  testes  or  ova  were  measured,  the  length  of  the  largest  is  given  in 
millimeters. 

Ardea  herodias — Great  Blue  heron— -1  juvenile,  non-breeding  condition,  cottonwood 

association,  July  12. 

Several  herons  were  observed  as  they  flew  low  over  the  stream  bed  of  Bugbee 
Creek.  A  colony  of  nesting  birds  on  the  Canadian  River  was  reported  by  Floyd  E. 
Potter.  The  nests  were  built  in  cottonwoods  at  the  mouth  of  Bugbee  Creek. 
Cathartes  aura  septentrionalis  Wied — Turkey  Vulture — Sight  records. 

The  turkey  vulture  was  widely  distributed  throughout  the  area,  and  numerous 
individuals  were  seen. 

Ictinia  mississippiensis  (Wilson) — Mississippi  Kite-— 2  ad.  $,  breeding  condition, 

June  8 -July  4,  cottonwood  association. 
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Numbers  of  birds  collected, 
sight  records  ( x ) ,  and  nest 
records  (n)  in  10  ecological 
associations  on  Bugbee  ranch, 
Hutchinson  County,  Texas, 
June  8  to  July  12,  1950. 


Ardea  herodias 
Ictinia  mississippiensis 
Buteo  jamaicensus  calurus 
Valeo  spaverius 
Cathartes  aura  septentrionalis 
C.olinus  virginianus 
Callipepla  squamata 
Meleagris  gallopavo 
Rallus  elegans  elegans 
Charadrus  vociferus 
Sterna  alhifrons  athalassos 
Zenaidura  macroura 
Coccyzus  americanus 
Geococcyx  californianus 
Otus  asio  ssp. 

Bubo  virginianus 
Chordeiles  minor  howelli 
Aiegaceryle  alcyon  alcyon 
Colaptes  auratus  auratus 
Melanerpes  E.  Erythrocephalus 
Dendrocopos  villosus  villosus 
Dendrocopos  scalaris  symplectus 
Tyrannus  tyrannus 
Tyr annus  verti calis 
Muscivora  forficata 
Myiarchus  crinitus 
Stelgidopteryx  ruficollis  serripennis 
Cyanocitta  cristata  cyanotephra 
Thryomanes  bewickii  cry  plus 
Salpinctes  obsoletus  obsoletus 
Mimus  polygolttos  leucopterus 
Toxostoma  rufum  longicauda 
Sialia  sialis  sialis 

Lanius  ludovicianus  excubitorides 

Varus  carolinensis  agilis 

Sturnella  neglecta 

Agelaius  phoeniceus 

Icterus  spurius 

Icterus  bullockii  bullockii 

Molothrus  ater 

Passer  domesticus  domesticus 
Richmondena  cardinalis 
Guiraca  caerulea  interfusa 
Spiza  americana 
Ammodramus  savannarum 
Chondestes  grammacus  strigatus 
Aimophila  ruficeps 
Otocoris  alpestris  leucolaema 
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Mississippi  kites  were  numerous  along  the  streams.  A  nest  built  of  twigs  was 
located  about  35  feet  off  the  ground  in  a  cottonwood  near  the  junction  of  Bugbee 
and  Moore  creeks. 

Buteo  jamaicensis  calurus — Red-tailed  Hawk — 1  juv.  $  ,  non-breeding  condition  (11.5 
mm.),  July  5. 

Although  not  very  common,  several  red-tailed  hawks  were  observed  during  the 
the  five-week  period  of  study.  Most  were  seen  soaring  over  the  open  areas,  but  one 
was  noted  sitting  on  a  fence  beside  the  road. 

One  nest  was  discovered  about  30  feet  off  the  ground  in  a  grove  of  cottonwoods. 
One  of  the  adult  birds  kept  a  constant  vigil  from  a  dead  tree  nearby.  When  anyone 
aproached,  the  parent  began  to  scream  and  soared  overhead.  Our  repeated  visits  to 
the  area  and  attempts  to  collect  one  of  the  adults  finally  drove  them  away. 

The  nest  was  found  to  contain  one  egg,  a  young  bird  still  covered  mostly  by 
down  feathers,  and  remains  of  prey,  including  a  snake  and  small  mammal  parts. 

Falco  spaverius  spaverius  Linnaeus — Sparrow  Hawk — Ad.  $  ,  breeding  condition  (4.6 
mm.),  cottonwood  association,  June  16;  juv.  $,  non-breeding  condition 
(3.1  mm.),  July  7. 

Sparrow  hawks  were  frequently  seen  perched  on  dead  branches  or  flying  over 
open  areas  of  the  valleys. 

Colinus  virginianus — Bob-white — Sight  records. 

One  of  the  most  abundant  species  was  the  bob-white,  seen  in  almost  every 
association,  but  most  commonly  found  in  the  sand-sage  and  sand-sage-sumac  associa¬ 
tions.  Several  nests  containing  eggs  were  discovered  on  a  plot  visited  daily  by  a 
group  live-trapping  rodents.  The  frequent  visits  of  the  persons  doing  this  work  caused 
several  birds  to  desert  their  nests.  In  one  nest,  the  number  of  eggs  decreased  each 
day.  The  eggs  were  apparently  devoured  by  snakes,  since  no  traces  of  the  broken  shells 
were  found. 

The  subspecific  name,  texanus,  probably  applies  to  these  birds  since  the  Texas 
Game,  Fish,  and  Oyster  Commission  (1945)  indicates  that  this  subspecies  occurs 
west  of  a  "broad  line  from  Montague  County  southward  through  Fort  Worth,  Mexia, 
Bryan,  and  to  Brazoria  County  on  the  Gulf  coast”. 

Callipepla  squamata — Scaled  Quail — Sight  records. 

Although  not  as  common  as  the  bob-white,  this  bird  was  also  observed  in  the 
sand-sage  and  sand-sage-sumac  associations. 

Again,  the  reports  of  the  Texas  Game,  Fish,  and  Oyster  Commission  suggest  the 
application  of  the  name  C.  s.  pallida  to  these  birds  because  this  subspecies  occurs  in 
the  Trans-Pecos,  west  central  Texas,  and  the  Panhandle. 

Melagris  gallopavo — -Wild  Turkey — Sight  records. 

Several  times  a  flock  of  wild  turkeys  was  sighted  in  meadows  and  trees  along 
the  stream. 

The  Texas  Game,  Fish,  and  Oyster  Commission  (1945)  makes  the  following 
comment  on  the  occurrence  of  wild  turkeys  in  northern  Texas:  "It  is  now  believed 
that  none  of  the  original  wild  turkey  stock  remains  there  or  elsewhere  in  the  northern 
one-third  of  the  State  as  far  east  as  Fort  Worth,  with  the  exception  of  Throckmorton 
County.  The  present  occurrence  of  turkeys  in  the  northern  one-third  of  the  state  is 
the  result  of  restocking  during  the  last  twenty  years.”  The  turkeys  of  the  Bugbee 
ranch  therefore  are  probably  the  result  of  restocking. 

Rallus  elegans  elegans  Audonbon — King  Rail — 1  yg.  $  ,  down  plumage,  non-breeding 
condition  (4.8  mm.),  Tule  pond,  July  7;  1  ad.  $ ,  Tule  pond,  July  5. 

The  young  bird  noted  above  was  caught  in  a  trap  set  for  muskrats.  Both 
specimens  were  taken  from  the  same  Tule  pond.  No  other  rails  were  seen. 
Charadrius  vociferus  vociferus  Linnaeus — Killdeer — 1  ad.  9 ,  breeding  condition 
(5.8  mm.),  stream  bed  association,  June  10. 

Killdeer  were  very  plentiful,  becoming  active  in  early  morning  and  late  after¬ 
noon.  Although  mostly  confined  to  the  sandbars  in  and  along  the  shallow  stream, 
they  frequently  ventured  into  the  open  meadows  where  the  grass  was  short  from 
grazing  by  cattle. 

Several  nests,  merely  depressions  in  the  sand,  were  found,  each  containing 
several  eggs.  It  is  doubtful  that  any  of  these  begun  in  June  and  July  were  successful 
in  producing  birds  which  reached  maturity  because  of  the  numerous  floods  which 
occurred  during  this  period.  Indeed,  many  other  species  were  undoubtedly  affected  by 
the  unusual  amount  of  rainfall,  far  above  the  average  for  this  part  of  the  state. 
Several  dead,  young  birds  of  various  species  were  found  after  these  storms,  which 
combined  high  winds  and  heavy  rains. 
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The  killdeer  introduced  us  to  a  somewhat  perplexing  phenomenon  of  this  area. 
One  evening  I  observed  a  seemingly-black  killdeer  running  with  other  normally 
colored  birds.  Closer  inspection  proved  the  anomaly  to  be  due  to  a  coating  of  carbon 
black  on  the  feathers.  In  Borger  and  Phillips,  a  few  miles  to  the  south  of  Stinnett, 
there  are  several  refineries  which  send  off  great  columns  of  smoke  throughout  the 
day.  All  the  birds  of  the  surrounding  countryside  become  covered  with  carbon, 
although  usually  not  sufficiently  as  to  be  apparent  except  upon  close  examination. 
The  dirt  so  conceals  the  true  coloration  as  to  make  identification  of  many  subspecies 
which  depend  considerably  on  color  differences  quite  difficult,  if  not  impossible. 
Sterna  albifrons  athalassos  Burleigh  and  Lowrey — -Inland  least  tern — 1  ad.  $  ,  breed¬ 
ing  condition,  stream  bed  association,  July  4. 

In  addition  to  the  one  specimen  collected,  several  terns  were  observed  as  they 
flew  along  Bugbee  Creek.  Probably  the  birds  were  breeding  in  this  locality,  but  no 
nests  were  found. 

George  Miksch  Sutton  has  identified  this  specimen  as  S.  a .  athalassos,  the  inland 
race  of  the  least  tern. 

Zenaidura  marcroura — Mourning  Dove — Sight  records. 

The  mourning  dove  was  quite  common  in  nearly  all  the  associations,  but  it  was 
perhaps  most  abundant  in  the  cottonwood  and  sand-sage — sumac  associations. 

One  nest,  first  discovered  on  the  ground,  was  washed  away  during  a  flood. 
Another,  containing  two  eggs,  was  found  about  six  feet  above  the  ground  in  a  soap¬ 
berry  tree.  A  second  inspection  of  the  latter  nine  days  afterward  showed  it  to  be 
empty.  Apparently  some  predator  had  taken  the  eggs. 

Coccyzus  americanus  americanus  Linnaeus — Yellow-billed  Cuckoo — 2  ad.  $ ,  breed¬ 
ing  condition  (8.5  mm.),  cottonwood  association,  June  10-June  13. 

Cuckoos  gave  evidence  of  their  presence  at  all  times  during  the  morning  and 
afternoon  in  the  cottonwoods  and  sumac  thickets.  They  were  one  of  the  chief  com¬ 
ponents  of  the  riparian  avifauna.  Two  nests  were  found,  both  about  eight  feet  above 
the  ground  in  cottonwoods. 

Geococrvx  californianus  Lesson — Roadrunner — Sight  record. 

Only  one  roadrunner  was  recorded  during  our  study.  It  ranged  in  one  locality 
from  the  cottonwood  to  the  sand-sage — sumac  association. 

Otus  asio — Screech  Owl- — 1  juv.  $,  down  plumage,  non-breeding  condition  (5.8 
mm.),  cottonwood  association,  June  20. 

The  one  specimen  collected  was  taken  from  a  roost  in  a  fallen  tree  covered  by 
a  tangle  of  grapevines.  There  were  four  others  in  the  same  roost.  None  was  seen 
again.  Its  juvenal  plumage  has  made  definite  subspecific  identification  of  the  collected 
specimen  impossible,  but  Sutton  has  suggested  the  possibility  that  it  may  be  O.  a. 
aikeni. 

Bubo  vir^inianus  virginianus  (Gmelin) — Great  Horned  Owl — 2  ad.  $,  breeding 
condition  (5,  1.7  mm.),  cottonwood  association,  June  29,  July  3. 

Several  horned  owls  roosted  in  bushes  near  the  rim  of  a  rocky  canyon  in  the 
hills.  The  ones  now  in  the  University  of  Texas  collection  were  both  found  in  cotton¬ 
woods. 

Chordeiles  minor  howelli  Oberholser — Nighthawk — 6  ad.  $ ,  breeding  condition 
(6.9.  7.6,  6.5,  5.9,  7.6  mm.)  over  sand-sage  association,  June  15;  over  open 
meadow,  Tune  17:  cottonwood  association,  June  27,  29;  over  stream  bed,  July 
7;  4  ad.  $,  breeding  condition,  over  stream  bed  July  6,  7;  over  open  meadow, 
July  9. 

The  nighthawk  was  of  common  occurrence  everywhere,  and  it  was  noted  in  all 
associations.  It  was  perhaps  most  commonly  seen  along  the  stream  bed  and  in  open 
meadows.  Although  most  of  their  activity  was  confined  to  twilight,  some  were  active 
occasionally  during  the  morning.  Several  of  the  birds  were  collected  as  they  rested 
in  cottonwood  trees.  Typically,  they  rested  with  the  line  of  the  body  parallel  to  that 
of  the  branch. 

Megaceryle  alcyon  alcyon  Linnaeus — Belted  kingfisher — Sight  record. 

One  single  individual  was  seen  in  the  cottonwoods  and  willows  along  Bugbee 
Creek. 

Colaptes  auratus  auratus  (Linnaeus) — Flicker — 1  ad.  $,  breeding  condition,  June 
12;  1  juv.  $ ,  non-breeding  condition  (3-9  mm.),  cottonwood  association,  June 
21;  2  ad.  $,  breeding  condition  cottonwood  association,  June  27,  July  1. 

Flickers  were  of  frequent  occurrence  among  the  cottonwoods  and  willows  along 
Bugbee  Creek. 
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Melanerpes  erythrocephalus  erythocephalus  (Linnaeus) — Red-headed  Woodpecker — 
2  ad.  S ,  breeding  condition  (5.5,  7.5  mm.),  cottonwood  association,  June  13, 
July  7;  2  ad.  $,  breeding  condition  (4.2,  2.5  mm.). 

With  the  yellow-billed  cuckoo,  the  red-headed  woodpecker  was  a  dominant  part 
of  the  bird  population  along  the  stream.  The  many  large  trees  provided  excellent 
nesting  sites,  and  nests  were  plentiful. 

Considering  its  abundance  here,  it  seems  odd  that  this  bird  was  not  cited  by 
Stevenson  (1942).  The  yellow-bellied  woodpecker  which  he  mentions  as  being  of 
common  occurrence  along  the  Canadian  River  was  not  seen  by  us. 

Dendrocopos  villosus  villosus  (Linnaeus) — -Hairy  Woodpecker — 1  ad.  9,  breeding 
condition  (1.7  mm.),  cottonwood  association,  June  22;  1  juv.  $ ,  non-breeding 
condition,  June  17. 

Except  for  these  specimens,  only  one  or  two  others  of  this  species  were  seen. 
The  birds  were  seen  in  willows  as  well  as  in  the  cottonwood  association. 

Dendrocopos  scalaris  symplectus  Oberholser — Ladder-backed  Woodpecker — 2  juv.  $ , 
cottonwood  association,  June  17,  willow  association,  July  9. 

As  in  the  case  of  the  hairy  woodpecker,  very  few  individuals  were  observed.  The 
species  was  largely  limited  to  the  cottonwoods,  but  individuals  occasionally  ventured 
into  willow  thickets. 

Tyrannus  tyrannus  Linnaeus — Eastern  Kingbird — 2  ad.  $ ,  breeding  condition,  cot¬ 
tonwood  association,  June  13,  June  16;  1  ad.  $ ,  breeding  condition  (12.1  mm.), 
cottonwood  association,  June  15. 

Tyrannus  verticalis  Say — -Arkansas  Kingbird — 1  ad.  2,  breeding  condition  (10.3 
mm.),  cottonwood  association,  June  15;  1  ad.  $,  breeding  condition  (12.9 
mm.),  cottonwood  association,  June  17. 

Common  in  both  the  open  meadows  and  cottonwoods,  both  kingbirds  were 
particularly  numerous  in  the  latter  association,  where  they  nested.  Many  nests,  aver¬ 
aging  about  fifteen  feet  off  the  ground,  were  located.  Incubation  and  brooding  were 
continued  throughout  the  period  of  our  stay. 

Of  the  two  species,  the  Eastern  kingbird  was  somewhat  more  diffusive. 

Muscivora  forficata  Gmelin — Scissor-taiiled  Flycatcher — 2  ad.  $ ,  breeding  condition 
(15,  13.7  mm.),  cottonwood  association,  July  9. 

Scissor-tailed  flycatchers  were  common,  concentrating  in  certain  areas,  but  oc¬ 
curring  in  nearly  all  the  associations. 

One  nest  was  found  on  June  16,  located  in  the  mesquite-bluestem  association, 
on  a  mesquite  branch  about  six  feet  above  the  ground.  It  contained  five  eggs,  which 
the  parent  bird  was  incubating.  A  second  nest  containing  young  birds  was  discovered 
in  a  small  hackberry  tree  in  the  open  meadow  association,  bordered  by  sand -sage — 
sumac. 

The  birds  collected  on  July  9  were  engaged  in  courtship  when  first  observed. 
In  addition  to  several  adults,  there  were  young  individuals  perched  in  a  cottonwood 
tree  in  which  their  nest  was  located.  Probably  these  were  the  second  young  of  the 
season.  In  courting,  the  long-tailed  male  chased  the  female  of  his  choice,  fluttering 
the  forks  of  the  tail  as  if  operating  a  pair  of  scissors.  There  seemed  to  be  little  antag¬ 
onism  between  rival  males,  although  there  were  several  for  each  female. 

Myiarchus  crinitus  boreus  Bangs — Crested  Flycatcher — -1  ad.  $ ,  breeding  condition 
(11.9  mm.),  cottonwood  association,  June  17;  1  ad.  $,  breeding  condition 
2  mm.),  cottonwood  association,  June  20. 

These  birds  showed  a  preference  for  willows  and  cottonwoods,  and  in  areas  of 
such  vegetation  they  were  fairly  common.  Their  number  failed,  however,  to  equal 
that  of  the  kingbirds. 

Otocoris  alpestris  leucolaema  ( Coues )  — Desert  Horned  Lark — Sight  record. 

One  individual  was  sighted  by  Dr.  Blair  and  W.  A.  Thornton  in  a  dry  ravine 
transecting  the  sand-sage — sumac  association. 

Stelgidopteryx  ruficollis  serripennis  (Audubon) — Rough- winged  Swallow.  2  juveniles, 
open  meadow  association,  July  1. 

Several  groups  of  swallows  flying  over  the  meadows  were  noticed,  but  only 
these  two  immature  birds  were  collected. 

Cyanocitta  cristata  cyanoterhra  Sutton — -Blue  Jay — 3  ad.  $ ,  breeding  condition  (2.8, 
1.9,  1.4  mm.),  cottonwood  association,  June  12,  June  21,  June  27. 

Another  of  the  dominant  riparian  species  was  the  blue  jay.  Its  raucous  call  could 
be  heard  at  almost  any  time  during  the  day  in  the  larger  cottonwood  groves  along 
the  stream.  Several  nests  were  found  to  contain  eggs  or  young.  All  were  placed  from 
twenty  to  thirty  feet  from  the  ground. 
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Dr.  Sutton  identified  our  specimen  as  C.  c.  cyanotephra,  the  plains  race. 

Parus  carolinensis  agilis  Sennett — Plumbeous  Chickadee — 1  ad.  $  ,  non-breeding  con¬ 
dition  (2  mm.),  cottonwood  association,  June  30;  1  ad.  9,  breeding  condition 
3.2  mm.),  cottonwood  association,  June  17. 

This  bird  was  indigenous  to  the  cottonwoods,  and  was  not  found  far  from  them. 
It  was  common  where  found. 

Thryomanes  bewicki  cryptus  Oberholser — Bewick’s  Wren — 2  ad.  $,  breeding  condi¬ 
tion  (5.3  mm.),  cottonwood  association,  June  10;  sand-sage — sumac  association, 
June  26. 

We  found  the  Bewick’s  wrens  to  be  quite  common  along  the  stream,  both  in 
the  cottonwoods  and  in  thickets  of  sumac  and  wild  plum. 

Salpinctes  obsoletus  obsoletus  (Say) — Rock  Wren- — 1  juv.  $,  juvenal  plumage,  non¬ 
breeding  condition  (2.4  mm.),  rocky  hillside,  June  11;  1  ad.  $,  breeding  con¬ 
dition  (.5  mm.),  rocky  canyon,  June  23. 

Rock  wrens  were  found  on  the  rocky  hillsides  and  ravines.  There  were  evidences 
of  courtship  and  nest-building,  although  no  completed  nests  were  discovered.  On  one 
occasion,  one  bird  was  seen  to  bring  dried  grass  to  a  crevice  in  the  precipitous  canyon 
wall  where  its  mate  was  waiting.  Birds  were  usually  seen  in  pairs. 

Mimus  polyglottos  leucopterus  (Vigors) — Mocki ngbi rd —  1  ad.  $  ,  breeding  condi¬ 
tion,  cottonwood  association,  June  9;  1  juv.  $ ,  juvenal  plumage,  non-breeding 
condition  (4.3  mm.),  willow  association,  July  1. 

Mockingbirds  were  not  uncommon  along  Bugbee  Creek,  but  they  were  not  as 
populous  as  the  kingbirds.  Two  incubating  birds  were  observed.  In  both  cases  the 
nests  were  at  least  fifteen  feet  off  the  ground  in  cottonwood  trees. 

Toxostoma  rufum  longicauda  Baird — Western  Brown  Thrasher — 1  ad.  9,  breeding 
condition  (3.1  mm.),  cottonwood  association,  June  14;  1  ad.  S,  breeding  con¬ 
dition  (13.4  mm.),  cottonwood  association,  June  21. 

The  brown  thrasher  was  another  species  which  confined  its  activities  almost  en¬ 
tirely  to  the  cottonwood  groves.  Each  pair  showed  decided  territoriality,  always  re¬ 
maining  in  a  certain  limited  area.  Although  not  very  numerous,  brown  thrashers  were 
usually  very  much  in  evidence,  scolding  loudly  when  human  intruders  entered  their 
domain. 

Sialia  stalls  stalls  (Linnaeus) — Eastern  Bluebird — 2  ad.  $,  breeding  condition  (8.8, 
9.4  mm.),  sand-sage— sumac  association,  June  13,  willow  association,  June  22; 
1  ad.  9,  breeding  condition,  stream  bed  association,  June  10;  1  juv.  $,  juvenal 
plumage,  non-breeding  condition  (1.5  mm.),  cottonwood  association,  July  7. 
Bluebirds  made  themselves  very  conspicuous  throughout  the  fluvial  area.  They 
displayed  a  particular  affinity  for  the  willows,  but  ventured  into  the  other  ecological 
associations  bordering  Bugbee  Creek. 

Lanius  ludovicianus  excubitorides  Swainson — White-rumped  Shrike — 1  ad.  $  ,  non¬ 
breeding  condition  (3.8  mm.),  stream  bed  association,  June  26. 

Only  one  shrike  was  seen.  It  had  settled  on  a  branch  of  a  dead  cottonwood  in 
the  stream  bed,  frightening  away  a  pair  of  blue  grosbeaks  which  had  occupied  the 
same  spot. 

Passer  domesticus  domesticus  (Linnaeus) — English  Sparrow — Sight  record. 

English  sparrows  were  common  around  towns  and  farm  houses. 

Sturnella  neglecta — Western  Meadowlark — -1  ad.  9,  breeding  condition  (3.7  mm.), 
open  meadow  association,  June  10,  1  ad.  $,  breeding  condition  (8.2  mm.), 
open  meadow  association,  July  7. 

Meadowlarks  frequented  the  meadows  and  more  open  places  in  other  associa¬ 
tions  bordering  the  streambed.  Their  call  could  be  heard  throughout  the  morning  and 
in  late  afternoon. 

Two  nests  of  this  species  were  discovered,  both  containing  several  eggs. 

Sutton  examined  the  two  specimens  cited  above  and  found  them  to  show  pri¬ 
marily  the  characteristics  of  the  western  meadowlark,  Sturnella  neglecta.  In  addition, 
however,  he  found  similarities  to  S.  magna,  the  eastern  meadowlark,  which  caused 
him  to  believe  the  specimens  were  hybrids. 

Agelaius  phoeniceus  phoeniceus  fortis — Red-wing — 2  ad.  $ ,  breeding  condition, 
marsh  association,  June  9,  stream  bed  association,  June  24;  1  ad.  9 ,  breeding 
condition  (2.8  mm.),  marsh  association,  June  12. 

The  red-wing  was  perhaps  the  most  numerous  species  in  the  area,  although 
somewhat  local  in  distribution,  being  confined  for  the  most  part  to  marshy  areas 
beside  the  stream  proper,  and  to  tule  ponds. 


1952,  No.  2 
June  30 


Summer  Birds  of  Hutchinson  County 


227 


One  nest  was  observed  for  several  weeks.  The  young  birds  survived  flood  waters 
which  all  but  washed  their  nest  away.  The  nest  was  built  in  grass  on  boggy  ground, 
and  its  upper  rim  was  scarcely  six  inches  above  the  water.  In  taller  grass  bordering  a 
small  willow  grove  in  this  marsh  were  several  abandoned  nests,  presumably  of  the 
red-wing.  This  particular  spot  was  much  frequented  by  the  birds. 

Sutton  calls  these  birds  phoeniceus  approaching  the  race  fortis  on  the  basis  of  the 
measurements  of  the  specimens  listed  above.  His  identification  was  based  on  measure¬ 
ments  for  various  races  published  by  Oberholser  (1907.  Auk,  24:  334). 

Icterus  spurius  (Linnaeus) — Orchard  Oriole — 2  ad.  $,  breeding  condition  (11.0, 
9.0  mm.),  willow  association,  June  14;  final  plumage  phase,  cottonwood  associa¬ 
tion,  June  27;  1  yg.  ad.  $,  breeding  condition,  first  plumage  phase,  cottonwood 
association,  July  8. 

One  nesting  pair  was  observed  from  the  end  of  nest  construction  until  the  young 
were  almost  ready  to  leave  the  nest.  The  male  parent  was  in  its  early  plumage  phase, 
lacking  the  brown  of  the  later  stage.  The  nest,  constructed  of  grasses,  was  built  in  a 
small  willow,  and  was  placed  on  a  branch  about  seven  feet  above  the  ground. 

Icterus  bullockii  bullockii  Swainson — Bullock’s  Oriole — 1  ad.  $  ,  breeding  condition 
(11.3  mm.),  cottonwood  association,  June  13,  2  yg.  ad.  $,  breeding  condition 
(9.4,  9.3  mm.),  early  plumage  phase,  willow  association,  June  14,  cottonwood 
association,  June  19;  2  juv.  $ ,  non-breeding  condition  (2.6,  4.6  mm.),  cotton¬ 
wood  association,  June  29,  July  10. 

Many  abandoned  nests  gave  evidence  of  nesting  in  previous  years  and  earlier  in 
the  season.  The  population  of  these  birds  at  the  time  of  our  study  was  relatively  small, 
the  birds  being  seen  rather  infrequently. 

The  Bullock’s  oriole  was  most  widely  distributed  in  associations  proximal  to 
the  stream.  Nesting  was  confined  to  the  cottonwoods. 

Molothrus  ater  ater  (Boddaert) — Cowbird — 2  ad.  $,  breeding  condition,  cottonwood 
association,  June  13,  willow  association,  June  15;  1  ad.  $,  breeding  condition, 
willow  association,  June  15. 

Small  flocks  of  cowbirds  frequently  congregated  in  the  willows.  They  were 
widely  distributed  throughout  the  vicinity  of  the  stream,  and  at  times  even  ventured 
onto  the  plains. 

Richmondena  cardinalis — Cardinal.  1  ad.  $ ,  breeding  condition  (9.3  mm.),  cotton¬ 
wood  association,  June  14. 

Cardinals  could  be  found  in  the  cottonwoods  and  nearby  sumac  and  wild  plum 
thickets.  Males  were  frequently  seen  singing  in  the  treetops,  or  feeding  on  the  ground 
with  their  mates. 

The  poor  plumage  condition  of  the  single  specimen  has  made  it  as  yet  impos¬ 
sible  to  determine  the  race  of  the  Bugbee  population.  Sutton  is  of  the  opinion  that 
if  the  race  planicola  is  found  to  be  valid,  these  birds  will  probably  prove  to  be  that 
race,  since  it  was  named  from  birds  collected  in  the  Palo  Duro  Canyon,  only  two 
counties  to  the  south. 

Guiraca  caerulea  interfusa  Dwight  and  Griscom — Western  blue  Grosbeak — 1  ad.  $  , 
breeding  condition  (10.4  mm.),  cottonwood  association,  June  25;  1  juv.  $, 
juvenal  plumage  non-breeding  condition  (9.2  mm.),  open  meadow  association, 
June  30. 

This  bird  centered  its  activities  in  the  sumac  thickets,  but  it  occasionally  strayed 
into  the  cottonwood  and  open  meadow  associations. 

One  nest  was  discovered  in  a  small  salt  cedar  on  the  edge  of  the  bare  stream 
bed.  The  nest  was  of  special  interest  because  it  contained,  woven  in  with  the  grass, 
part  of  the  discarded  skin  of  a  snake.  When  first  found,  it  contained  one  egg.  Upon 
subsequent  inspection  I  found  the  same  single  egg  and  the  nest  deserted.  Perhaps  the 
violent  storms  discouraged  nesting  in  such  an  unprotected  location. 

Spiza  americana  (Gmelin) — Dickcissel— 1  ad.  $ ,  breeding  condition  (7.1  mm.), 
open  meadow  association,  June  15. 

This  single  specimen  was  the  only  one  of  its  species  recorded. 

Ammodramus  savannarum — Grasshopper  Sparrow — 1  ad.  $,  breeding  condition  (2.1 
mm.),  sand-sage— sumac  association,  June  23. 

As  was  the  case  with  the  preceding  species,  only  one  grasshopper  sparrow  was 
recorded. 

Chondestes  grammacus  strigatus  Swainson — Lark  Sparrow — 1  ad.  $  ,  breeding  con- 
tion,  sand-sage — sumac  association,  June  9;  1  ad.  $,  breeding  condition  (10 
mm.),  June  23. 
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This  species  was  the  commonest  bird  in  the  more  arid  localities.  It  was  domi¬ 
nant  in  the  sand-sage — sumac,  mesquite— bluestem,  and  with  the  bobwhite,  in  the 
sand-sage  association. 

The  lark-sparrow’s  nest  was  built  on  the  ground.  It  was  merely  a  depression  in 
the  sand,  lined  with  fine  grasses,  rootlets,  and  hair.  The  rim  of  the  nest  was  level 
with  the  surface  of  the  ground.  One  which  we  examined  contained  four  eggs,  basi¬ 
cally  white,  but  covered  with  blackish  scrawlings. 

Aimophila  ruficeps — Rufous-crowned  Sparrow— 1  ad.  9 ,  breeding  condition  (2.1 
mm.),  mesquite — bluestem  association,  June  23. 

Only  this  one  rufous-crowned  sparrow  was  recorded.  Sutton  felt  unable  to  identify 
our  specimen  subspecifically-  because  of  the  covering  of  soot  on  the  plumage. 

PREVIOUS  ORNITHOLOGICAL  STUDIES 
IN  THE  TEXAS  PANHANDLE 

Stevenson  (1942)  published  a  list  of  birds  recorded  for  the  central 
Panhandle  of  Texas.  In  it  were  cited  153  species.  This  number  includes 
sumer  and  winter  residents  as  well  as  migrants.  The  number  of  species  listed 
as  summer  residents  is  5  8.  Of  this  number  2  5  were  not  recorded  during  the 
present  investigation.  On  the  other  hand,  we  found  13  species  to  be  summer 
residents  which  Stevenson  does  not  list  as  such.  Four  of  these  he  lists  as 
migrants  and  the  others  are  new  records.  The  following  were  new  records: 

Rallus  elegans 

Melanerpes  erytbrocephalus  erythrocephalus 

Myriarchus  crinitus 

St  el  gid  apteryx  ruficollis  serripennis 

Farm  caroUninemis  agilis 

Sialia  sialis  stalk 

l  derm  spurius 

Ammodramus  savannarum 

Spiza  americana 

Species  which  Stevenson  mentions  as  summer  residents,  but  which  were  not 
recorded  by  our  party  were  the  following: 

Chaulelasmus  streperus 
Accipiter  velox 
Buteo  swainsoni 
Aquila  chrysaetos  canadensis 
Circus  hudsonius 
Falco  mextcanus 
Numenim  americanm 
Bartramia  longicauda 
Acitis  macularia 
Tot  anus  flavipes 
Tyto  pratincola 
Speotyto  cunicularia  hypugaca 
Centurus  aurifrons 
Myiarchm  cinerascens  cinerascens 
Petmchelidon  al  hi  from 
Baeolopbus  atricrhtatus  paloduro 
Catherpes  mextcanus 
Folio  ptila  caerulea 
Dendroica  aestiva 
Passerim  ciris 


Carpodacm  mextcanus 
Spmus  psaltria  psoltria, 
Aimophila  cassini 
Sayornk  saya  saya 
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Stevenson  (op.  cit.)  considers  the  blue  jay,  Cyanocitta  crist  at  a  cyanotephra , 
least  tern,  Sterna  albifrons  athalassos,  and  flicker,  Colaptes  aura  tits,  as  mi¬ 
grants,  but  our  observations  indicate  that  they  are  resident  here  in  summer. 

There  are  several  probable  reasons  for  the  discrepancies  between  our  list 
and  that  of  Stevenson.  To  begin  with,  Stevenson’s  work  was  centered  in 
Randall,  Potter,  and  Armstrong  counties  to  the  south  and  east  of  Hutchin¬ 
son  County.  Some  notes  were  taken  from  reliable  sources  in  other  parts  of 
the  Panhandle.  The  difference  in  size  of  area  under  observation,  and  the 
difference  in  length  of  time  given  to  these  observations — -Stevenson  three 
years  and  the  present  author  five  weeks— are  certainly  partially  responsible 
for  the  differences  in  species.  Although  Stevenson  included  in  his  list  some 
species  recorded  from  along  the  Canadian  River,  little  work  was  done  on  that 
area.  This  also  explains  some  of  the  discrepancies. 

summary 

The  area  of  study  bordering  Bugbee  Creek  on  the  Bugbee  ranch  may  be 
divided  into  the  following  ecological  associations:  stream  bed,  marshy  low¬ 
land,  tule  ponds,  willow,  cottonwood,  sand-sage — -sumac,  sand-sage,  rocky 
slope,  mesquite — bluestem,  and  open  meadow.  That  supporting  the  most 
abundant  bird  life  was  the  cottonwood  association. 

Thirty-nine  species  of  birds  were  collected  from  the  above-mentioned 
associations.  In  addition,  we  have  sight  records  for  eight  other  species,  giving 
a  total  of  47  species  of  birds  listed  for  the  area  during  our  stay. 

Our  records  include  nine  species  not  recorded  by  Stevenson  (1942). 
Stevenson,  on  the  other  hand,  records  24  summer-resident  species  not  found 
during  this  study. 
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MAMMALS  OF  THE  TAMAULIPAN  BIOTIC  PROVINCE 

IN  TEXAS 

W.  FRANK  BLAIR 
Department  of  Zoology 
The  L^niversity  of  Texas 

INTRODUCTION 

The  Tamaulipan  biotic  province  is  one  of  the  most  interesting  bio¬ 
geographic  regions  in  Texas,  because  it  is  an  area  in  which  diverse  faunas 
and  floras  meet  and  intermingle.  Dice  (1943)  applied  the  name  Tamaulipan 
province  to  the  brushlands  of  southern  Texas  and  adjacent  parts  of  Mexico. 
Goldman  and  Moore  (1945)  designated  approximately  this  same  area  as  the 
Tamaulipas  biotic  province,  and  listed  some  of  the  characteristic  plants, 
mammals  and  birds  of  the  province  in  Mexico.  Blair  (1950)  pointed  out 
that  the  logical  northern  boundary  of  this  province  is  the  Balcones  escarp¬ 
ment  and  arbitrarily  set  the  northeastern  boundary  of  the  province  at  the 
line  separating  pedocal  from  pedalfer  soils.  He  also  gave  a  brief,  general 
description  of  the  vegetation  and  climate  and  listed  the  most  characteristic 
amphibians,  reptiles  and  mammals.  Blair  (op.  cit.)  designated  the  lower 
Rio  Grande  Valley,  comprising  Starr,  Hidalgo,  Willacy  and  Cameron 
Counties,  as  the  Matamoran  biotic  district.  The  remainder  of  the  province 
in  Texas  might  be  designated  the  Nuecian  district  in  reference  to  the  Nueces 
River,  which  drains  much  of  the  area. 

The  ecological  distribution  of  the  mammals  in  the  Tamaulipan  province 
has  not  been  previously  studied.  Dice  (1937)  reported  on  the  mammals  of 
the  San  Carlos  Mountains  and  vicinity  in  central  Tamaulipas,  but  there  is 
no  such  study  of  even  a  limited  area  of  the  province  from  anywhere  north 
of  the  Rio  Grande.  The  present  report  is  based  principally  on  field  work 
that  was  done  between  November,  1946,  and  December,  1950.  Mammals 
were  collected  by  the  use  of  live  traps  at  16  localities  in  approximately  the 
eastern  two-thirds  of  the  province  (Fig.  1).  The  specimens  collected  are 
deposited  in  the  Texas  Natural  History  Collection  at  The  University  of 
Texas. 
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COLLECTING  STATIONS 

Collections  of  mammals  were  made  at  four  stations  in  the  Matamoran 
district  and  at  12  stations  in  the  Nuecian  district  (Fig.  1).  Soil  type  is  one 
of  the  chief  variables  in  the  physical  environment  of  both  biotic  districts. 
Two  stations  in  the  Matamoran  district  had  mostly  sandy  soils,  and  two 
had  tight  soils.  Five  stations  in  the  Nuecian  district  had  sandy  soils,  and 
seven  had  more  or  less  tight  soils  of  clays  or  clay-loams. 

MATAMORAN  DISTRICT 

McAllen.  This  station  is  on  the  flood-plain  of  the  Rio  Grande,  about  six  miles 
south  of  McAllen,  Hidalgo  County.  It  is  representative  of  the  native  brushland  of 
the  lower  Rio  Grande  Valley.  This  native  vegetation  type  is  disappearing  rapidly 
because  of  clearing  of  the  land  for  agricultural  use.  Much  of  the  area  trapped  at  this 
station  has  since  been  cleared. 

Collecting  was  done  at  this  station  from  December  28,  1949,  to  January  2, 
1949,  by  W.  L.  Gustafson  and  myself;  from  April  17  to  18,  1949,  by  Clay  E.  Miller 
and  myself;  from  January  25  to  29,  1950,  by  W.  H.  McCarley,  Homer  W.  Phillips, 
and  Jack  A.  Herrmann.  The  numbers  of  trap  nights  for  these  trips  were,  respectively, 
400,  268  and  800.  Rodent  populations  were  at  high  densities  during  the  first  and 
third  trips  (Table  1). 

The  vegetation  at  this  station  differed  from  that  at  all  others  in  that  large  elms 
( Ulmus  crassifolia)  were  mixed  with  the  various  species  of  thorny  brush  plants. 
The  areas  dominated  by  the  elms  were  nearly  or  completely  free  of  any  shrubby  layer. 
The  thorny  brush  was  made  up  principally  of  Texas  ebony  ( Siderocarpos  flexicaulis) , 
grangeno  (Celtis  pallida),  mesquite  (Prosopis  juliflora) ,  huisache  (Acacia  fame  siana) 
and  retama  ( Parkinsonia  aculeata) .  Prickly  pear  ( Opuntia  lindheimeri)  was  scarce 
and  apparently  confined  mostly  to  disturbed  areas. 

Four  species  of  rodents  made  up  the  greatest  bulk  of  the  small  mammal  popu¬ 
lation  at  this  station  (Table  1).  The  wood-mouse  ( Peromyscus  leucopus )  was  the 
most  common  of  these,  and  the  spiny  mouse  ( Liomys  irroratns) ,  pygmy  mouse  ( Bai- 
omys  taylori)  and  cotton  rat  ( Sigmodon  hispidus )  were  also  common.  The  bridled 
weasel  (Mu stela  frenata)  and  coyote  ( Canis  latrans )  were  probably  the  most  common 
carnivores. 

Edinburg.  This  station  is  about  17  miles  northwest  of  Edinburg,  Hidalgo  County, 
on  the  La  Gloria  Ranch,  and  it  is  at  approximately  the  northern  limit  of  the  Matamor¬ 
an  biotic  district.  Collecting  was  done  here  for  three  nights  from  December  6  to  8, 
1948,  for  a  total  of  300  trap  nights. 

The  soil  was  sandy.  The  principal  brush  species  of  plants  were:  mesquite,  grang¬ 
eno,  retama,  Texas  ebony,  cenizo  ( Leucophyllum  texanum ) ,  lignum  vitae  (Por- 
liera  angustifolia) ,  goat-bush  (Castela  nicholsonii) ,  huisache,  lantana  (Lantana 
horrida) ,  wild  lime  (Fagara  fagara),  wild  olive  (Cordia  boissieri) ,  and  Schaefferia 
cuneifolia,  Jatropha  spathulata,  and  Karwinskia  humboldtiana.  The  most  common 
grass  was  a  grama  (Bouteloua  trifida) ,  and  common  forbs  were  Osmia  conyzoides 
and  Lippia  graveoleus. 

The  most  common  small  mammals  were :  Perognathus  merriami,  Neotoma 
micropus,  Peromyscus  leucopus,  Perognathus  hispidus  and  Dipodomys  ordii  (Table 
1 ) .  This  is  the  northernmost  locality  at  which  Liomys  irroratus  has  been  recorded. 

Raymondville.  This  station  is  in  Willacy  County,  about  10  miles  northwest  of 
Raymondville.  Fifty  traps  were  set  here  the  nights  of  December  22  and  23,  1947.  Ro¬ 
dent  populations  were  at  an  exceptionally  high  density,  and  my  continuous  visitation 
of  some  of  the  traps  in  the  early  hours  of  the  night  resulted  in  a  very  high  catch  of 
rodents. 

The  soil  at  this  station  was  a  deep,  loose  sand.  There  were  dense  thickets  of 
brush  species  of  plants  and  prickly  pear,  and  there  were  other  savanna-like  areas  in 
which  mesquite  was  scattered  over  grasslands  - —  principally  various  species  of  Aristida. 
An  unidentified,  cereus-like  cactus  formed  dense  tangles  in  some  places. 
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The  wood-mouse  ( Peromyscus  leucopus)  was  apparently  more  abundant  than  all 
other  species  of  small  rodents  combined  (Table  1).  Other  common  rodents  were: 
the  plains  packrat  ( Neotoma  micropus ),  kangaroo  rat  ( Dipodomys  ordii) ,  grasshop¬ 
per  mouse  ( Onychomys  leucogaster) ,  pocket  gopher  ( Geomys  personatus) ,  and  cotton 
rat  ( Sigmodon  hispidus) .  Moles  ( Scalopus  aquaticus)  were  numerous. 

Port  Isabel.  Trapping  was  done  for  two  nights  with  25  traps  on  the  Gulf  coast, 
about  two  miles  west  of  Port  Isabel,  Cameron  County.  The  soil  was  a  black  clay.  The 
principal  plants  were  sacahuisite  ( Spartina  spartinae)  and  goat-bush  ( Castela  texana) . 
This  area  was  much  overgrazed,  and  the  thorny  goat-brush,  coarse  sacahuiste,  poisonous 
Karwinskia  humboldtiana  and  scattered  Jatropha  spathulata  formed  most  of  the  vege- 
tational  cover.  Packrats  ( Neotoma  micropus)  were  the  most  common  rodents.  Nests 
of  this  species  were  common  in  clumps  of  thorny  goat-bush,  and  the  trails  of  these 
rodents  formed  a  maze  in  and  between  the  clumps.  Three  grasshopper  mice  ( Onycho¬ 
mys  leucogaster) ,  one  wood-mouse  ( Peromyscus  leucopus ),  and  one  cotton  rat  ( Sig¬ 
modon  hispidus)  were  also  taken  here. 


FIGURE  I 
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NUECIAN  DISTRICT 

Zapata.  This  station  is  about  five  miles  east  of  Zapata,  Zapata  County.  Four 
nights  of  trapping,  from  November  25  to  28,  1948,  for  575  trap  nights  were  done  here 
by  myself,  H.  W.  Phillips,  W.  A.  Thornton,  W.  L.  Gustafson,  and  F.  H.  Stephens. 
Two  nights  of  trapping,  from  November  10  to  11,  1949,  for  320  trap  nights,  were 
done  here  by  myself,  W.  A.  Thornton,  and  J.  A.  Herrmann. 

The  soil  at  this  station  was  a  sandy  loam.  This  soil  was  occupied  by  a  dense 
brush  association  which  was  dominated  by  mesquite,  grangeno,  huisache,  lignum  vitae, 
cenizo,  white  brush  ( Aloysia  ligustrina) ,  Texas  ebony,  and  chittam  ( Bumelia  angus- 
tifolia) .  The  most  common  grass  was  Bouteloua  trifid'a.  Other  plants  identified  includ¬ 
ed  :  Karwinskia  humboldtiana,  Schaefferia  cuneifolia,  \  Coldenia  canescens,  Hymenoxys 
odor  at  a,  Plorestina  tripteris,  Phaulothamnus  spinescens,  Parthenium  lyratum,  Verbena 
quadrangulata,  Melampodium  ramosissimum,  Chameasyce  spp.,  Siphonoglossa  pilosella, 
Iberville  a  tenella,  Heliotropium  curassavicum,  and  Ruellia  sp. 

Rodent  populations  were  at  fairly  high  levels  of  abundance  in  both  years,  but 
they  appeared  to  be  somewhat  higher  in  1948  than  in  1949.  The  wood-mouse  ( Pero - 
my  sous  leucopus)  was  the  most  common  species,  followed  by  Perognathus  merriami, 
Onychomys  leucogaster,  Neotoma  micropus  and  Perognathus  hispidus  (Table  1).  Coy¬ 
otes,  as  evidenced  by  their  calls,  and  raccoons,  as  evidenced  by  their  tracks,  appeared  to 
be  the  most  common  carnivores. 

Apache  Ranch.  This  station  is  on  the  Apache  Ranch,  in  Webb  County,  about  40 
miles  southwest  of  Catarina.  Trapping  was  done  here  for  two  nights,  March  5  to  6, 
1949,  by  myself,  C.  E.  Miller,  H.  W.  Phillips,  and  W.  A.  Thornton,  for  a  total  of  328 
trap  nights.  Rodent  populations  were  at  high  densities. 

The  soils  were  principally  friabie  loams  except  for  heavy,  black  clays  on  parts 
of  the  Rio  Grande  flood-plain.  Three  major  ecological  associations  were  recognizable 
at  this  station.  The  cut-bank  and  immediately  adjacent  flood-plain  of  the  Rio  Grande 
had  a  fairly  dense  cover  of  grasses  and  forbs  and  some  large  hackberries  ( Celtis,  prob¬ 
ably  helleri ) .  There  was  also  some  retama  and  some  blackbrush  ( Acacia  amentacea) . 
The  wood-mouse,  cotton  rat,  and  the  house  mouse  (Mus  mus  cuius)  were  the  most 
common  small  mammals  (Table  1).  Raccoons  were  very  numerous,  as  evidenced  by 
their  tracks,  and  one  was  trapped  by  Miller.  Beaver  ( Castor  canadensis)  signs  Were 
plentiful  along  the  river. 

Level  or  rolling  upland  areas  were  occupied  by  a  plant  association  in  which  creo¬ 
sote,  bush  (Larrea  trident ata)  and  prickly  pear  ( Opuntia  lindheimeri)  predominated. 
There  was  also  some  mesquite,  some  allthorn  ( Koeberlinia  spinosa)  and  other,  un¬ 
identified  shrubs.  Grasses  and  forbs  were  sparse.  The  wood-mouse  was  the  most  com¬ 
mon  rodent,  but  it  was  much  less  abundant  than  on  the  flood-plain  (Taable  1).  The 
Merriam  pocket  mouse,  grasshopper  mouse,  and  kangaroo  rat  ( Dipodomys  ordii)  were 
fairly  common.  Numerous  calls  indicated  that  the  coyote  was  a  common  carnivore. 

Flat-topped  erosion  remnants  were  capped  by  limestones,  and  their  steep  slopes 
were  littered  with  flat  sandstone  fragments.  These  slopes  had  a  moderate  cover  of 
grasses  and  some  woody  vegetation.  The  candelilla  ( Tricherostigma  antisyphilitica ) 
was  the  only  plant  identified.  No  trapping  was  done  on  these  erosion  remnants,  but 
rock  turning  revealed  a  family  of  two  adult  and  two  juvenile  cactus  mice  ( Peromys - 
cus  eremicus) . 

Forbs  collected  at  the  Apache  Ranch  station  included:  Parthenium  lyratum, 
Quincula  lobata,  Sophia  interm-edia,  Chamaesaracha  c-onioides ,  Sphaeralcea  pedatifida, 
S.  subhastata,  Gaillardia  pulchella,  Houstonia  patens,  Lesquerella  lasiocarpa,  Ver¬ 
bena  quadrangulata,  V.  bipinnatifida,  Oenothera  probably  laciniata,  Nothoscordium 
bivalve,  T etraneuris  linearifolia,  Thymophylla  tenuiloba,  Psilostrophe  gnaphalodes,  and 
Hamosa  emoryana. 

Oakville.  This  station  is  on  the  east  side  of  the  Nueces  River,  on  the  L.  F. 
Reagan  ranch  about  two  miles  west  of  Oakville,  Live  Oak  County.  Five  nights  of 
trapping  from  November  26  to  30,  1947,  were  done  here  by  myself,  Clay  E.  Miller, 
H.  W.  Phillips,  and  J.  L.  Reagan,  for  a  total  of  1,000  trap  nights.  Rodent  populations 
were  at  high  densities.  , 

Two  major  ecological  associations  were  observed  at  this  station.  The  live-oak  as¬ 
sociation  occupied  the  flood-plain  of  the  Nueces  River.  Large  aks  ( Quercus  virginiana) 
shaded  the  forest  floor,  which  was  consequently  very  barren  of  ground  cover.  No 
trapping  was  done  in  this  association.  Fox  squirrels  ( Sciurus  niger)  were  common 
here,  and  two  were  collected.  Armadillos  ( Dasypus  novemcinctus)  were  also  numerous. 
Raccoon  tracks  were  numerous  along  the  banks  of  the  river. 


TABLE  1 

Records  of  rodents  trapped  at  major  collecting  localities  in  the  Tamaulipan  biotic  province. 
Symbol  S  indicates  sight  records;*  indicates  signs. 

Matamoran  District  Nuecian  District 
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A  mesquite — cactus  association  occupied  the  dark-colored  clays  of  the  uplands 
except  where  the  land  had  been  cleared.  The  principal  plants  were  mesquite,  huisache 
and  prickly  pear.  The  latter  formed  dense  "pear  thickets”  which  were  interspersed 
with  the  mesquite  and  huisache.  Two  species  made  up  the  great  bulk  of  the  small 
mammal  population.  The  cotton  rat  was  very  abundant,  and  the  wood-mouse  was 
common  (Table  1). 

Simmons .  This  station  is  ond  the  Ray  Ranch  in  McMullen  County,  about  10 
miles  west  of  Simmons.  Twelve  students  assisted  my  collecting  there  from  December  5 
to  7,  1947,  for  a  total  of  400  trap  nights.  Later,  j.  L.  Reagan  and  I  trapped  there  on 
February  20  to  21,  1948,  for  a  total  of  140  trap  nights. 

A  live-oak  association  similar  to  that  observed  at  the  Oakville  station  occupied 
the  flood-plain  of  the  Nueces  River.  A  thorny  brush  covered  the  uplands  at  this 
station.  In  some  places,  mesquite  formed  an  open  savanna  with  unidentified  species 
of  Bouteloua  and  scattered  prickly  pear.  On  most  of  the  upland  areas,  there  was  a 
fairly  dense  brush  comprised  principally  of  mesquite,  grangeno,  lignum  vitae,  blue- 
wood  ( Condalia  sp.) ,  "mountain  laurel”  ( Sophora  secundiflora )  and  Jatropha  spat- 
hulata. 

The  wood-mouse  was  the  most  common  small  mammal.  The  plains  packrat, 
grasshopper  mouse,  Merriam  pocket  mouse  and  cotton  rat  were  also  common  (Table  1) . 

Alice.  This  station  is  about  eight  miles  east  of  Alice,  Jim  Wells  County.  One 
night  of  trapping  with  100  traps  was  done  there  the  night  of  November  30,  1946. 
The  traps  were  set  in  an  area  of  mesquite  brush  with  abundant  prickly  pear  and  in 
the  grassy  floor  of  a  wash  adjacent  to  the  brush.  Eight  cotton  rats,  one  pygmy  mouse 
( Baiomys  taylori) ,  and  one  wood-mouse  were  taken. 

Dilley.  This  station  is  two  miles  north  of  Dilley,  Frio  County.  Twenty-five  traps 
were  set  the  night  of  December  30,  1947,  in  brush  in  which  mesquite  and  prickly 
pear  predominated.  Two  grasshopper  mice,  two  cotton  rats,  one  wood-mouse,  and  one 
plains  packrat  were  taken. 

Hebbronville.  This  station  is  about  20  miles  south  of  Hebbronville,  Jim  Hogg 
County.  Trapping  was  done  there  from  December  23  to  27,  1948,  by  W.  L.  Gustaf¬ 
son  and  myself  for  a  total  of  400  trap  nights.  The  soil  was  a  deep,  loose  sand.  The 
vegetation  consisted  principally  of  an  open  mesquite  savanna  in  which  the  most  com¬ 
mon  grasses  were  Aristida  glauca,  Bouteloua  hirsuta,  and  Chloris  cucullata.  The  area 
was  much  overgrazed  at  the  time  of  the  work.  The  mesquite  had  been  cleared  from  some 
areas,  and  in  such  places  there  was  a  dense  stand  of  prickly  pear.  Kangaroo  rats, 
pocket  gophers  ( Geomys  personatus) ,  wood-mice,  and  grasshopper  mice  were  the  most 
common  rodents.  Coyotes  were  numerous. 

Lytle.  This  station  is  about  seven  miles  east  of  Lytle,  Atascosa  County,  on  the 
property  of  the  late  A.  J.  Kirn.  Trapping  was  done  there  on  January  29  to  30  and  on 
February  27,  1949.  Two  nights  of  trapping  were  done  by  25  of  my  students  on  Oc¬ 
tober  15  and  16,  1949.  The  soil  was  a  deep,  loose  sand.  Collecting  was  done  in  an 
area  that  had  been  cleared  of  the  native  brush  and  had  subsequently  grown  up  in 
Aristida,  Bouteloua,  Andropogon,  and  various  herbaceous  weeds.  Two  fossorial  species 
of  mammals,  the  pocket  gopher  ( Geomys  breviceps)  and  the  mole  ( Scalopus  aquati- 
cus) ,  were  very  common.  The  Merriam  pocket  mouse  and  the  plains  pocket  mouse 
( Perognathus  hispidus)  were  the  most  common  small  rodents  (Table  1). 

Live  Oak  Peninsula.  This  station  is  on  Live  Oak  Peninsula,  about  six  miles 
northeast  of  Rockport,  Aransas  County.  Eight  of  my  students  and  I  trapped  there  the 
night  of  April  7,  1950,  with  160  traps.  The  soil  was  a  pale-colored  sand  with  some 
shell  fragments.  There  was  a  dense  thicket  made  up  chiefly  of  live  oak  ( Quercus  vir- 
giniana ) ,  laurel  oak  ( Quercus  laurifolia) ,  red  bay  {Per sea  litt oralis) ,  and  wax  myrtle 
{Myrica  cerifera) .  Tall  grasses  ( Andrcpogon  spp.)  formed  dense  cover  in  openings 
in  the  thicket.  The  pygmy  mouse  and  the  wood-mouse  were  the  most  common  small 
mammals  (Table  1). 

Mustang  Island.  This  station  is  on  Mustang  Island,  about  five  miles  southwest  of 
Port  Aransas.  Collecting  was  confined  to  the  dunes  fronting  the  Gulf  Beach.  Trapping 
was  done  there  from  November  27  to  29,  1946,  for  250  trap  nights,  and  by  a  group 
of  students  from  April  8  to  9,  1950,  for  480  trap  nights.  The  dunes  had  a  dense  cover 
of  herbaceous  plants,  including  sea  oats  {Uniola  paniculata) ,  Andropogon,  Monan- 
thocloa,  Croton,  Helianthus  and  numerous  others.  The  house  mouse  exceeded  all 
species  of  native  rodents  in  abundance.  Pocket  gophers  {Geomys  personatus )  were 
very  numerous,  and  kangaroo  rats,  cotton  rats,  and  grasshopper  mice  were  common 
(Table  1).  Coyotes  appeared  to  be  the  most  common  carnivores  on  the  island. 
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Beeville.  Trapping  was  done  by  J.  L.  Reagan  in  the  vicinity  of  Beeville,  Bee 
County,  from  the  middle  of  July  through  August,  1948.  No  ecological  data  are  avail¬ 
able  for  his  material. 

Mouth  of  Mission  Bay.  This  station  is  in  Refugio  County,  on  the  east  side  of 
Mission  Bay  where  it  enters  Copano  Bay.  Trapping  was  done  there  on  May  27,  1947. 
Ninety  traps  in  a  salt  marsh  caught  one  rice  rat  ( Oryzomys  palustris) .  Ninety  traps 
in  mesquite  brush  on  tight  soil,  with  associated  prickly  pear,  caught  one  cotton  rat. 

ANNOTATED  LIST  OF  SPECIES 

Sixty-two  species  are  included  in  the  following  list  of  mammals  that  have  been 
recorded  from  the  Tamaulipan  biotic  province  of  Texas.  Records  are  cited  to  show  the 
geographical  distribution  of  these  species  as  it  is  now  known  in  the  province.  Notes 
are  given  on  ecological  preferences  and  on  ecological  factors  that  affect  distribution. 
Available  observations  are  given  on  geographical  and  temporal  variations  in  popu- 
ltion  density. 

The  classification  of  Simpson  (1945)  has  been  followed  with  the  one  exception 
that  Dasypterus  is  treated  as  a  separate  genus  from  Lasiurus. 

Didelphis  virginiana  texensis  Allen.  Opossum.  The  opossum  apparently  ranges 
over  the  entire  Tamaulipan  province  as  reported  by  Bailey  (1905).  The  relationship 
between  Didelphis  mesamericana  Oken  of  Mexico  and  southern  Texas  and  Didelphis 
virginiana  Kerr  of  southeastern  North  America  has  been  long  in  doubt.  Bailey  (1905) 
recognized  two  species  on  the  basis  of  the  longer  and  more  extensively  black  tail, 
wholly  black  ears  and  black  dorsal  coloration  of  D.  mesamericana  texensis.  Taylor  and 
Davis  ( 1947)  differentiated  the  two  species  on  the  basis  of  mesamericana  having  black 
instead  of  white  feet  and  having  the  basal  one-half  instead  of  one-third  of  the  scaly 
part^  of  the  tail  black,  and  they  pointed  out  that  mesamericana  occurs  in  a  gray  as  well 
as  black  phase.  Measurements  of  the  characters  previously  used  to  separate  the  two 
forms  are  given  in  Table  2  for  specimens  from  the  Tamaulipan  province  and  from 
just  beyond  the  northeastern  border  of  the  province. 


TABLE  2 

Comparison  of  eight  specimens  of  opossums  ( Didelphis ) 
from  southern  and  central  Texas. 

Locality 

Ratio:  tail 
length/ total 
length  in 
per  cent 

Number  of 
wholly  black 
terminal 
phalanges 
(both  pes) 

Number  of 
wholly  black 
subterminal 
phalanges 
(both  pes) 

Percentage 
of  tail 

length  black 

Amount  of 
white  on 
ears 

Hildalgo  Co., 
McAllen 

42 

10 

10 

48 

None 

Bee  Co., 
Beeville 

10 

10 

56 

None 

Nueces  Co., 
Bishop 

42 

4 

6 

36 

None 

Hays  Co., 

San  Marcos 

10 

10 

37 

None 

Travis  Co., 
Austin 

42 

1 

10 

34 

Tips 

Travis  Co., 
Austin 

44 

0 

6 

37 

Tips 

Travis  Co., 
Beecave 

45 

0 

3 

32 

None 

Travis  Co., 
Marshall  Ford 

Dam  45 

6 

10 

40 

None 

FIG.  1.  Tamaulipan  biotic  province  in  Texas,  showing  limits  of  Matamoran  and 
Nuecian  biotic  districts  and  showing  collecting  localities. 
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There  is  no  consistent  combination  of  characters  separating  the  two  forms 
(Table  2).  There  is  little  difference  in  relative  tail  length,  and  some  specimens  that 
would  be  called  virginiana  because  of  the  small  amount  of  black  on  the  tail  have  the 
black  ears  and  black  feet  of  mesamericana.  One  specimen  from  deep  in  the  Tam¬ 
aulipan  province  and  another  from  its  northeastern  border  both  show  the  mesameri¬ 
cana  combination  of  characters,  including  a  high  proportion  of  black  on  the  tail. 
Other  specimens,  from  the  border  or  from  beyond  the  border  of  the  province,  have 
from  32  to  40  per  cent  of  the  tail  black  as  against  48  to  56  per  cent  in  the  two 
previously  mentioned  specimens. 

The  evidence  above  indicates  interbreeding  of  the  two  forms  previously  considered 
separate  species  around  the  eastern  and  northeastern  border  of  the  Tamaulipan  pro¬ 
vince.  The  occurrence  of  individuals  of  the  virginiana  type  and  of  the  mesamericana 
type  along  with  individuals  combining  most  of  the  characters  in  which  these  forms 
differ  in  an  apparently  narrow  zone  of  intergradation  suggest  secondary  interbreeding 
of  previously  isolated  populations.  The  virginiana  population  may  have  survived 
Pleistocene  glacial-stage  climates  by  retreating  into  Florida,  and  the  mesamericana 
population  may  have  retreated  southward  in  Mexico.  If  this  is  the  case,  post- Wiscon¬ 
sin  spread  of  these  populations  has  brought  them  together  before  reproductive  isola¬ 
tion  has  had  time  to  develop.  If  free  interbreeding  now  occurs  along  the  border  of 
the  Tamaulipan  province,  the  two  populations  should  be  treated  as  geographic  races 
of  a  single  species. 

Cryptotis  parva  berlandieri  (Baird).  Little  Shrew.  This  little  shrew  apparently 
occurs  throughout  the  Tamaulipan  province  in  Texas,  but  it  apparently  shows  great 
local  variation  in  population  density.  One  was  salvaged  in  April,  1949,  from  several 
unearthed  by  a  bulldozer  clearing  brush  about  six  miles  south  of  McAllen,  Hidalgo 
County.  One  was  collected  by  J.  L.  Reagan  in  September,  1948,  about  eight  miles 
north  of  Beeville,  Bee  County.  The  species  was  common  in  the  spring  of  1950  in  a 
moist,  deciduous  forest  about  five  miles  south  of  Luling,  in  Gonzales  County. 

Davis  (194la)  recorded  this  species  from  Brownsville,  Del  Rio,  Dilley,  San  An¬ 
tonio,  and  Pleasanton.  Merriam  (1895  )  recorded  specimens  from  Brownsville,  San 
Diego,  and  Del  Rio.  Davis  {idem)  refers  specimens  from  San  Antonio  and  Pleasanton 
to  the  subspecies  parva. 

Notiosorex  crawfordi  crawfordi  (Coues).  Desert  Shrew.  This  shrew  appears  to 
be  rare  throughout  its  range.  One  specimen  was  trapped  by  Clifford  W.  Johnson  on 
February  13,  1951,  about  10  miles  south  of  Batesville,  Zavala  County.  Merriam  ( 1895) 
recorded  the  desert  shrew  from  San  Diego,  and  San  Antonio.  Davis  (194 lb)  recorded 
this  species  from  San  Diego,  Duval  County;  Riviera,  Kleberg  County;  and  Faysville, 
Hidalgo  County.  These  records  indicate  a  wide  distribution  of  this  southwestern 
species  over  the  Tamaulipan  province  in  Texas. 

Scalopus  aquations  texanus  (Allen)  *.  Easten  Mole.  In  Texas,  this  species  appears 
to  occur  in  the  Tamaulipan  province  only  in  its  eastern  half.  Sandy  soil  is  required 
by  moles  in  this  semi-arid  region,  and  clay  and  loam  soils  are  apparently  strong  bar¬ 
riers  to  dispersal  of  the  species.  The  mole  was  common  in  December,  1947,  on  deep 
sand  about  10  miles  northwest  of  Raymondville,  Willacy  County,  and  one  was  collect¬ 
ed  there.  Ten  specimens  were  taken  in  1949,  about  seven  miles  east  of  Lytle,  Atascosa 
County.  One  was  taken  in  February,  1940,  about  six  miles  east  of  Oakville,  Live  Oak 
County.  One  was  collected  in  December,  1947,  and  another  in  August,  1948,  by  J. 
L.  Reagan  at  Beeville,  Bee  County.  One  was  obtained  by  W.  A.  Thornton  in  February, 
1949,  about  six  miles  northwest  of  Nixon,  Wilson  County. 

Davis  (1942a)  mapped  this  species  as  occurring  throughout  most  of  the  Ta¬ 
maulipan  province  of  Texas  on  the  basis  of  specimens  from  10  localities  in  the  eastern 
half  of  the  province.  The  species  is  not  presently  known  from  west  of  Bexar  County 
in  the  northern  part  of  the  province,  and  I  have  found  signs  of  moles  only  as  far 
west  as  Falfurrias  in  the  southern  part.  Moles  were  conspicuously  absent  from  deep 
sands  at  Hebbronville,  Jim  Hogg  County,  in  December,  1948. 

Mormoops  megalophylla  senicula  Rehn.  Lappet-chinned  Bat.  This  representa¬ 
tive  of  a  tropical  genus  of  bats  apparently  extends  northward  across  at  least  the  west¬ 
ern  part  of  the  Tamaulipan  province.  Rehn  (1902)  described  a  single  specimen  from 
Fort  Clark,  Kinney  County,  as  the  type  of  senicula.  Mulaik  (1943)  recorded  one 
specimen  taken  in  February,  1934,  and  another  taken  in  January,  1935,  at  Edinburg, 
Hidalgo  County.  Mohr  (1948)  reported  many  in  Frio  Cavern  in  Uvalde  County. 

*  Baker  (1951)  believes  that  the  type  of  texanus  came  from  Presidio  rather  than  Aransas 
County  and  proposes  a  new  subspecies  name,  alleni,  for  the  south  Texas  moles. 
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Myotis  velifer  incautus  (Allen).  Little  Brown  Bat.  The  Cooperative  Wildlife 
Research  Collection  at  Texas  A.  and  M.  College,  examined  through  the  courtesy  of 
W.  B.  Davis,  contains  specimens  of  this  species  from  six  miles  south,  and  eight  miles 
east,  of  Encinal,  Webb  County.  The  range  of  this  species  centers  in  Mexico  and 
reaches  northward  beyond  the  limits  of  the  Tamaulipan  province. 

Pipistrellus  subflavus  sub  f  lav  us  (F.  Cuvier).  Pipistrelle.  Bailey  (1905)  recorded 
this  species  from  Brownsville  as  probably  a  migrant  and  from  Del  Rio,  Comstock, 
and  Devil’s  River  in  the  western  part  of  the  province. 

Nycticeius  humeralis  (Rafinesque) .  Evening  Bat.  One  specimen  was  collected 
eight  miles  north  of  Beeville,  on  July  27,  1948,  by  J.  L.  Reagan.  Another  was  taken 
six  miles  south  of  McAllen,  on  January  29,  1950,  by  W.  H.  McCarley.  Miller  (1897) 
recorded  one  specimen  from  Brownsville.  Mulaik  (1943)  recorded  one  specimen 
from  near  Edinburg.  These  records  indicate  that  the  species  ranges  through  the  eastern 
part  of  the  Tamaulipan  province  in  Texas. 

Lasiurus  borealis  borealis  (Muller).  Red  Bat.  One  specimen  was  collected  at 
Beeville,  on  July  13,  1948,  by  J.  L.  Reagan.  Miller  (1897)  recorded  one  specimen 
from  Brownsville.  Mulaik  (1943)  recorded  a  specimen  from  Edinburg.  These  records 
indicate  a  range  through  the  eastern  part  of  the  Tamaulipan  province. 

Lasiurus  cinereus  (Beauvois).  Hoary  Bat.  Bailey  (1905)  recorded  the  hoary 
bat  as  a  migrant  at  Brownsville.  Mulaik  (1943)  recorded  a  specimen  from  Edinburg, 
taken  January  24,  1936.  The  hoary  bat  undoubtedly  migrates  across  the  entire  pro¬ 
vince,  but  it  is  doubtful  that  it  breeds  there. 

Dasypterus  intermedius  (H.  Allen).  Yellow  Bat.  This  bat  apparently  occurs  in 
Texas  only  in  the  southeastern  part  of  the  Tamaulipan  province.  Bailey  (1905)  re¬ 
corded  it  as  breeding  at  Brownsville.  Taylor  and  Davis  (1947)  recorded  it  from  Mis¬ 
sion,  Hidalgo  County. 

Tadarida  mexicana  (Saussure).  Mexican  Freetail  Bat.  Two  specimens  were  col¬ 
lected  in  an  old  line  cabin  about  17  miles  northwest  of  Edinburg,  on  November  6, 
1948.  Bailey  (1905)  recorded  this  species  from  Brownsville,  Hidalgo,  Eagle  Pass, 
Del  Rio,  and  Comstock.  Mulaik  (1943)  recorded,  "a  number  of  specimens”  from 
Edinburg.  These  records  and  the  known  occurrence  of  the  species  to  the  north  and 
west  of  the  Tamaulipan  province  indicate  that  it  ranges  over  the  entire  province. 

Dasypus  novemcinctus  mexicanus  Peters.  Armadillo.  The  armadillo  apparently 
ranges  over  the  entire  Tamaulipan  province  in  Texas.  In  three  seasons  of  field 
work,  1947  to  1949,  the  armadillo  was  found  to  be  common  at  only  one  locality  in 
the  Tamaulipan  province.  Large  numbers  were  seen  in  the  mesquite — cactus  associa¬ 
tion  about  two  miles  west  of  Oakville  in  late  November,  1947.  The  species  appears 
to  be  much  scarcer  in  this  province  than  it  is  in  the  pine-oak  forests  of  the  Austro- 
riparian  province  of  east  Texas,  an  area  that  has  been  invaded  by  the  species  within  the 
last  40  years  (see  Taber,  1939).  Many  theories,  none  of  them  very  convincing,  have 
been  advanced  to  account  for  the  recent  eastward  and  northward  spread  of  the  arma¬ 
dillo.  Alteration  of  the  environment  in  the  brush  country  through  overgrazing  by 
domestic  livestock  may  have  been  a  factor  in  the  spread  of  the  armadillo.  Destruction 
of  the  grass  cover  and  the  consequent  diminution  of  soil  moisture  and  soil-inhabiting 
insects  may  have  increased  the  competition  for  food  among  these  insectivorous  mam¬ 
mals.  Increased  food  competition  might  increase  dispersal  pressure  to  the  extent  that 
it  would  force  a  range  extension  by  an  otherwise  sendentary  population.  The  compar¬ 
ative  scarcity  of  armadillos  over  much  of  the  Tamaulipan  province  in  Texas  lends 
credence  to  such  a  theory. 

Lepus  calif ornicus  merriami  Mearns.  Black-tailed  Jackrabbit.  Jackrabbits  were 
seen  at  most  of  the  stations  in  the  Tamaulipan  province,  but  this  species  was  not 
abundant  at  any  locality  studied.  A  large  coyote  population  may  account  for  the  fact 
that  the  jackrabbit  was  much  less  abundant  in  the  Tamaulipan  province  than  in  many 
areas  of  Trans-Pecos  Texas,  where  the  coyote  is  rigidly  controlled. 

No  specimens,  other  than  a  pickup  skull  from  17  miles  northwest  of  Edinburg, 
were  collected.  Nelson  (1909)  recorded  this  species  from  16  localities  which  indi¬ 
cate  a  distribution  throughout  the  Tamaulipan  province  of  Texas. 

Sylvilagus  floridanus  chapmani  (Allen).  Eastern  Cottontail.  This  species  ranges 
throughout  the  Tamaulipan  province  in  Texas.  It  is  the  only  cottontail  present  in 
the  eastern  part  of  the  province,  and  it  occurs  with  the  desert  cottontail  ( Sylvilagus 
audubonii )  in  the  western  part.  Four  specimens  were  collected  in  December,  1947, 
about  10  miles  west  of  Simmons.  Two  were  taken  in  November,  1947,  about  two 
miles  west  of  Oakville.  One  was  taken  on  April  16,  1949,  six  miles  south  of  McAllen. 
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The  McAllen  specimen  is  darker  in  color  than  specimens  from  the  other  stations.  One 
was  collected  by  J.  L.  Reagan,  July  21,  1948,  about  12  miles  north  of  Beeville.  Sight 
records  were  made  in  Atascosa  and  Zapata  Counties. 

Nelson  (1909))  recorded  the  eastern  cottontail  from  Beeville,  Brownsville,  Del 
Rio,  Eagle  Pass,  Fort  Clark,  Nueces  Bay,  Rio  Grande  City,  Rockport,  Rock  Springs, 
and  San  Antonio.  This  species  ranges  beyond  the  Tamaulipan  province  to  the  north¬ 
east,  north  and  south. 

Sylvilagus  audubonii  parvulus  (Allen).  Desert  Cottontail.  One  specimen  of  the 
desert  cottontail  was  taken  from  the  stomach  of  a  six-foot  Texas  diamondback  ( Crot - 
alus  atrox)  on  November  29,  1948,  about  five  miles  east  of  Zapata.  Both  the  desert 
cottontail  and  the  eastern  cottontail  were  commonly  seen  at  this  station.  Desert  cot¬ 
tontails  were  common  in  March,  1949,  in  a  creosote  bush  — -  cactus  association,  about 
40  miles  southwest  of  Catarina. 

Nelson  (1909)  recorded  this  species  from  Carrizo,  Comstock,  Cotulla,  Del  Rio, 
mouth  of  Devil’s  River,  Eagle  Pass,  Laredo,  Rio  Grande  City,  Roma  and  San  Diego. 
The  available  records  indicate  that  this  western,  desert  species  ranges  over  approxi¬ 
mately  the  western  one-half  of  the  Tamaulipan  province  in  Texas. 

Sciurus  niger  limitis  Baird.  Fox  Squirrel.  The  f$x  squirrel  is  distributed  mostly 
along  stream  systems  in  the  Tamaulipan  province,  where  it  is  limited  to  flood-plain 
forests.  Two  specimens  were  taken  in  a  live-oak  association  on  the  flood-plain  of  the 
Nueces  River,  about  two  miles  west  of  Oakville,  in  November,  1947.  One  was  col¬ 
lected  by  J.  F.  Brothers  about  five  miles  north  of  Karnes  City,  Karnes  County,  on 
December  5,  1947.  Bailey  (1905)  recorded  the  fox  squirrel  from  Del  Rio,  Rock 
Springs,  San  Antonio,  Cotulla,  San  Diego,  mouth  of  Nueces  River,  and  mouth  of 
Devil’s  River.  The  western  limit  of  this  eastern  species  in  southern  Texas  is  reached 
at  Independence  Creek,  a  tributary  of  the  Pecos  River  in  Terrell  County  (see  Herr¬ 
mann,  1950). 

Citellus  mexicanus  parvidens  (Mearns).  Mexican  Ground  Squirrel.  This  is  the 
most  common  and  widely  distributed  ground  squirrel  of  the  Tamaulipan  province  in 
Texas.  These  squirrels  were  common  around  prickly-pear  clumps  in  November,  1947, 
about  two  miles  west  of  Oakville,  and  four  specimens  were  collected.  Two  were  taken 
near  a  prickly-pear  clump  by  J.  A.  Herimann  in  April,  1949,  about  six  miles  south 
of  McAllen,  and  another  was  taken  at  the  same  locality  by  W.  H.  McCarley  in  Jan¬ 
uary,  1950.  Four  were  collected  in  Bee  County  by  J.  L.  Reagan  in  the  summer  of  1948. 
Two  of  these  came  from  Beeville,  one  from  10  miles  west  of  Beeville,  and  one  from 
12  miles  north  of  that  city.  One  was  seen  on  November  7,  1948,  about  17  miles 
northwest  of  Edinburg.  The  dates  of  collection  indicate  that  these  ground  squirrels 
remain  active  throughout  the  year  in  the  Tamaulipan  province.  This  species  occurs  on 
both  sandy  and  loamy  soils. 

Howell  (1938)  recorded  the  Mexican  ground  squirrel  from  19  localities  scat¬ 
tered  throughout  the  Tamaulipan  province  in  Texas.  The  species  ranges  northward, 
westward,  and  southward  beyond  the  limits  of  the  Tamaulipan  province. 

Citellus  spilosoma  annectens  (Merriam).  Spotted  Ground  Squirrel.  This  species, 
unlike  the  Mexican  ground  squirrel,  is  closely  limited  to  sandy  soils  in  the  Tamaulipan 
province.  One  was  collected  on  December  24,  1948,  about  20  miles  south  of  Hebbron- 
ville.  Howell  (1938)  recorded  this  species  from  Mustang  Island,  Norias,  Padre  Is¬ 
land,  mouth  of  Rio  Grande  and  Sarita.  Baker  and  Lay  (1938)  recorded  four  speci¬ 
mens  from  Mustang  Island.  This  species,  presently  known  in  the  Tamaulipan  from  the 
eastern  and  southeastern  parts,  probably  occurs  on  sandy  soils  in  the  western  part  of 
the  province  in  Texa,  because  it  is  a  widely  distributed  species  in  the  Chihuahuan  pro¬ 
vince  to  the  west. 

Citellus  tridecemlineatus  texensis  (Merriam).  Thirteen-lined  Ground  Squirrel. 
Taylor  and  Davis  (1947)  stated  that  the  range  of  this  species  extends  in,  "A  narrow 
strip  through  Central  Texas  from  the  Red  River  and  Dallas  region  south  to  Corpus 
Christi  and  east  to  Colorado  County”.  This  would  indicate  that  the  species  ranges 
into  the  eastern  border  of  the  Tamaulipan  province.  This  species  has  not  been  re¬ 
corded  from  the  Austin  region,  nor  from  any  of  my  collecting  localities  in  the  Ta¬ 
maulipan  province. 

Geomys  breviceps  attwateri  Merriam.  Short-headed  Pocket  Gopher.  This  species 
has  a  spotty  distribution  in  the  eastern  and  northeastern  part  of  the  Tamaulipan  pro¬ 
vince  of  Texas,  where  it  occurs  in  large  numbers  on  sandy  soils. 

Specimens  were  collected  at  the  following  localities:  Aransas  County,  Rockport,  1; 
Atascosa  County,  7  miles  east  of  Lytle,  25;  Bee  County,  11  miles  east  of  Beeville,  1; 
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Caldwell  County,  4  miles  southeast  of  Luling,  3;  Gonzales  County,  5  miles  southeast  of 
Luling,  7;  Wilson  County,  14  miles  south  of  Stockdale,  3. 

Davis  (1940)  recorded  this  species  from  a  large  number  of  localities  in  the 
eastern  and  northeastern  part  of  the  Tamaulipan  province  and  discussed  the  isolation 
of  local  populations  of  this  species  due  to  its  limitation  to  sandy  soils. 

Geomys  personatus  True.  Tamaulipan  Pocket  Gopher.  This  species  occurs  on 
sandy  soils  through  the  southern  and  western  part  of  the  Tamaulipan  province  in  Texas 
and  approaches,  but  apparently  does  not  overlap,  the  range  of  Geomys  breviceps  in  the 
eastern  part  of  the  province.  This  species  does  not  range  beyond  the  limits  of  the 
Tamaulipan  province  in  Texas. 

Records  of  this  species  were  obtained  from:  Bee  County,  Beeville,  8,  12  miles 
north  of  Beeville,  1;  Jim  Hogg  County,  20  miles  south  of  Hebbronville,  4;  Willacy 
County,  10  miles  northwest  of  Raymondville,  3;  Zapata  County,  5  miles  east  of  Zap¬ 
ata,  1.  Pocket  gophers  were  abundant  on  sandy  soils  at  these  stations,  and  the  numbers 
collected  give  no  indication  of  abundance. 

Davis  (1940)  recorded  this  species  from  many  localities  in  the  southern,  eastern 
and  western  parts  of  the  Tamaulipan  province  in  Texas.  He  recognized  six  subspecies 
in  the  Tamaulipan  province  of  this  state,  including:  (1)  Geomys  p.  personatus  True 
on  Padre  and  Mustang  Islands,  (2)  G.  p.  maritimus  Davis  on  beach  sands  from  Cor¬ 
pus  Christi  Bay  south  probably  to  Baffin  Bay  in  Kleburg  County,  (3)  G.  p.  megapota- 
mus  Davis  extending  from  the  coast  in  Willacy  and  Kenedy  Counties  west  to  Webb 
County  and  north  to  LaSalle  County,  (4)  G.  p.  fallax  Merriam  principally  in  the  val¬ 
ley  of  the  Nueces  River  below  Three  Rivers,  ( 5 )  G.  p.  strec'keri  Davis  ( see  Davis 
( 1943a)  for  the  substitution  of  the  name  streckeri  for  minor )  known  only  from  Car- 
rizo  Springs,  and  (6)  G.  p.  fusc7is  Davis,  which  ranges  along  the  tributaries  of  the 
Rio  Grande  in  Val  Verde  and  Kinney  Counties. 

Perognathus  merriami  merriami  Allen.  Merriam  Pocket  Mouse.  This  little  pocket 
mouse  is  second  only  to  the  wood-mouse  in  abundance  among  the  small  rodents  of 
the  Tamaulipan  province.  It  is  widely  and  apparently  rather  uniformly  distributed 
throughout  most  of  the  province.  The  species  decreases  in  abundance  and  approaches 
its  eastern  limit  of  distribution  at  the  northeastern  boundary  of  the  province  in  Texas. 
This  species  was  not  taken  at  three  of  the  four  stations  in  the  Matamoran  district,  six 
miles  south  of  McAllen,  10  miles  northwest  of  Raymondville,  and  about  two  miles 
west  of  Port  Isabel.  These  mice  were  abundant,  and  17  were  collected  about  17  miles 
northwest  of  Edinburg,  which  is  at  about  the  northern  boundary  of  the  Matamoran 
district. 

Records  for  this  species  include:  Atascosa  County,  7  miles  east  of  Lytle,  16;  Bee 
County,  2  miles  south  of  Cadiz,  1;  Hidalgo  County,  17  miles  northwest  of  Edinburg, 
17;  Jim  Hogg  County,  20  miles  south  of  Hebbronville,  9;  Live  Oak  County,  2  miles 
west  of  Oakville,  1;  McMullen  County,  10  miles  west  of  Simmons,  6;  Webb  County, 
40  miles  southwest  of  Catarina,  12;  Zapata  County ,  5  miles  east  of  Zapata,  37.  Bailey 
(1905)  recorded  the  species  from  Padre  Island,  Brownsville,  and  Devil’s  River. 

This  species  shows  no  apparent  preference  for  soil  type  and  occurs  in  abundance 
on  soils  ranging  from  tight  clays  and  caliche  soils  to  deep  sands.  It  apparently  prefers 
comparatively  open,  arid  brushlands,  as  at  the  Webb  and  Zapata  County  stations, 
which  possibly  accounts  for  its  absence  from  the  comparatively  dense  brush  of  the 
lower  Rio  Grande  Valley.  Dice  (1937)  caught  more  of  this  species  than  of  any  other 
in  a  mesquite  association  near  El  Mulato,  Tamaulipas.  The  species  ranges  beyond  the 
Tamaulipan  province  to  the  north  and  west  in  Texas. 

Perognathus  hispidus  hispidus  Baird.  Plains  Pocket  Mouse.  The  plains  pocket 
mouse  is  one  of  the  common  and  characteristic  small  rodents  of  the  Tamaulipan 
province.  It  apparently  ranges  over  virtually  the  entire  province  in  Texas,  but  it  be¬ 
comes  scarce  in  the  Matamoran  district,  where  the  range  of  this  species  overlaps  the 
range  of  the  spiny  pocket  mouse  ( Liomys  irroratus) .  These  two  species  are  of  ap¬ 
proximately  the  same  size  and  have  apparently  similar  habits  and  food  habits.  Com¬ 
petition  between  the  two  species  may  account  for  the  absence  of  the  plains  pocket 
mouse  from  parts  of  the  Matamoran  district.  This  species  was  not  taken  six  miles 
south  of  McAllen,  nor  10  miles  northwest  of  Raymondville,  but  the  spiny  pocket 
mouse  was  taken  at  both  of  these  stations.  Both  species  were  taken  at  a  station  17 
miles  northwest  of  Edinburg,  at  the  border  of  the  Matamoran  district. 

Records  for  this  species  include:  Aransas  County,  6  miles  northeast  of  Rockport, 
3;  Atascosa  County,  7  miles  east  of  Lyle,  14;  Bee  County,  8  miles  north  of  Beeville, 
3,  8  miles  southwest  of  Beeville,  3,  11  miles  east  of  Beeville,  2,  2  miles  south  of 
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Cadiz,  1;  Hidalgo  County,  17  miles  northwest  of  Edinburg,  10;  Jim  Hogg  County,  20 
miles  south  of  Hebbronville,  5;  McMullen  County,  10  miles  west  of  Simmons,  3; 
Webb  County,  40  miles  southwest  of  Catarina,  10;  Zapata  County,  5  miles  east  of 
Zapata,  16.  Glass  (1947)  recorded  this  species  from  19  localities  in  the  Tamaulipan 
province  of  Texas.  The  available  records  indicate  a  distribution  throughout  the 
Tamaulipan  province  of  this  state.  This  species  is  not  limited  by  soil  type,  for  it 
occurs  on  both  sandy  and  clayey  soils. 

Dipodomys  ordii  Woodhouse.  Five-toed  Kangaroo  Rat.  This  species  is  common 
on  sandy  soil  throughout  the  Tamaulipan  province  in  Texas.  The  kangaroo  rats  of 
Mustang  and  Padre  Islands  are  referred  to  Dipodomys  ordii  compactus,  while  those 
from  the  mainland  are  referred  to  Dipodomys  o.  sennetti  (see  Davis,  1942b). 

Records  for  this  species  include:  Atascosa  County,  7  miles  east  of  Lytle,  4;  Hidalgo 
County,  17  miles  northwest  of  Edinburg,  9;  Jim  Hogg  County,  20  miles  south  of 
Hebbronville,  17;  Nueces  County,  5  miles  south  of  Port  Aransas,  15;  Webb  County, 
40  miles  southwest  of  Catarina,  1;  Willacy  County,  10  miles  northwest  of  Raymond- 
ville,  14;  Zapata  County,  5  miles  east  of  Zapata,  8.  Baker  and  Lay  (1938),  trapping 
on  Mustang  Island,  18  miles  south  of  Port  Aransas,  caught  40  of  these  animals  in 
100  traps  that  were  run  four  times  during  the  night. 

Liomys  irroratus  texensis  Merriam.  Spiny  Pocket  Mouse.  This  characteristic 
species  of  the  southern  part  of  the  Tamaulipan  province  is  apparently  limited  in  Texas 
to  the  Matamoran  district.  The  northernmost  record  is  from  Willacy  County,  about 
10  miles,  northwest  of  Raymondville  (Blair,  1949).  This  species  is  common  in  the 
brushlands  and  elm  forests  in  the  immediate  valley  of  the  Rio  Grande.  In  Hidalgo 
County,  about  six  miles  south  of  McAllen,  17  were  taken  from  December  28,  1949, 
to  January  2,  1949.  Ten  were  taken  there  from  April  17  to  18,  1949.  Four  were 
taken  there  from  January  26  to  29,  1950,  by  H.  W.  Phillips.  Five  specimens  were 
taken  on  November  6  to  8,  1948,  about  17  miles  northwest  of  Edinburg.  Soil  type 
seems  not  to  be  a  limiting  factor  in  the  distribution  of  this  species,  for  it  was  found 
on  sandy  soil  at  the  Raymondville  and  Edinburg  stations  and  on  loamy  soil  at  the 
McAllen  station.  The  northern  limit  of  the  species  approximates  the  northern  limit 
of  the  Texas  ebony  ( Siderocarpos  flexicaulis ) ,  but  it  is  unknown  whether  there  is  a 
direct  relationship  or  whether  both  species  show  a  similar  response  to  the  same  en¬ 
vironmental  factors.  Bailey  (1905)  recorded  this  mouse  from  Brownsville  and  Lomita. 

Castor  canadensis  frondator  Mearns.  Beaver.  Abundant  signs  of  beaver  activity 
were  found  along  the  Rio  Grande  on  the  Apache  Ranch  in  Webb  County.  Bailey 
(1905)  stated  that  the  beaver  was,  "still  found  in  many  places  along  the  Rio  Grande, 
Pecos  and  Devil’s  Rivers.” 

Oryzomys  palustris  texensis  Allen.  Marsh  Rice  Rat.  This  eastern  Gulf  Coast  species 
ranges  into  the  eastern  part  of  the  Tamaulipan  province  along  the  Gulf  coast.  It  is 
separated  by  an  apparent  hiatus  in  range  from  Oryzomys  couesi  another  member  of 
the  same  species  group,  which  replaces  it  in  the  lower  Rio  Grande  Valley.  One  was 
trapped  on  the  edge  of  a  salt  marsh  at  the  mouth  of  Mission  Bay,  Refugio  County, 
on  May  29,  1948.  Six  were  captured  under  a  board  on  a  mud  flat  below  high-tide 
level  on  St.  Joseph  Island,  Aransas  County,  on  September  25,  1948.  Goldman 
(1918)  recorded  this  species  from  Corpus  Christi,  Nueces  Bay,  Padre  Island,  and 
Rockport. 

Oryzomys  couesi  aquaticus  Allen.  Resaca  Rice  Rat.  Goldman  (1918)  recorded 
this  subtropical  species  from  Brownsville  (type  locality  of  aquaticus )  and  from  Lomita 
Ranch,  Hidalgo  County. 

Reithrodontomys  fulvescens  intermedins  Allen.  Tawny  Harvest  Mouse.  This 
harvest  mouse  probably  ranges  throughout  the  Tamaulipan  province  in  Texas,  but 
it  appears  to  be  scarce.  One  specimen  was  collected  at  each  of  seven  stations.  These 
stations  are:  Aransas  County,  6  miles  northeast  of  Rockport,  April  7,  1950;  Bee 
County,  8  miles  north  of  Beeville,  August  3,  1948  by  J.  L.  Reagan,  3  miles  south 
of  Papalote,  August  7,  1948,  by  J.  L.  Reagan;  Hidalgo  County,  6  miles  south  of 
McAllen,  December  31,  1948;  McMullen  County,  10  miles  west  of  Simmons,  De¬ 
cember  6,  1947  by  W.  S.  Jennings;  Nueces  County,  Mustang  Island  5  miles  south  of 
Port  Aransas,  April  9,  1950;  Willacy  County,  10  miles  northwest  of  Raymondville, 
December  24,  1947. 

Howell  (1914)  recorded  this  species  from  Brownsville,  Corpus  Christi,  Del 
Rio,  Padre  Island,  Rio  Grande  City,  San  Antonio,  San  Diego,  and  Santo  Tomas. 
This  species  ranges  beyond  the  Tamaulipan  province  to  the  north,  east,  and  west  in 
Texas. 
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Peromyscus  eremicus  eremicus  (Baird).  Cactus  Mouse.  Four  individuals,  a  fam¬ 
ily  group  of  adult  male  and  female  and  two  juveniles,  were  collected  on  the  Apache 
Ranch,  Webb  County.  The  mice  were  caught  by  digging  them  out  of  a  sandstone 
outcrop  on  a  low,  arid  hill.  This  record  extends  the  known  range  of  this  southwestern, 
desert  species  about  100  miles  down  the  Rio  Grande  from  the  previously  known 
eastern  limit  at  Comstock  (see  Bailey,  1905).  Dice  (1937)  did  not  find  the  cactus 
mouse  in  the  San  Carlos  Mountain  region  of  the  Tamaulipan  province  in  Mexico. 

Peromyscus  maniculatus  pallescens  Allen.  Deermouse.  This  species  was  not  taken 
in  any  of  my  field  work.  Bailey  (1905)  recorded  the  deermouse  from  San  Antonio 
and  from  12  miles  southwest  of  Alice.  The  late  A.  J.  Kirn  informed  me  that  this 
species  occurs  rarely  in  Atascosa  County.  The  records  for  this  species  indicate  a  limited 
distribution  in  the  northeastern  part  of  the  Tamaulipan  province.  The  deermouse  is 
common  in  the  Andropogon  association  of  blackland  prairies  in  the  vicinity  of  Austin 
and  Taylor,  to  the  northeast  of  the  province.  The  available  evidence  indicates  that 
there  is  no  continuity  between  pallescens  and  the  Mexican  and  Trans-Pecos  Texas 
populations  of  Peromyscus  maniculatus.  The  Texas  populations  of  pallescens  represent 
a  southern  extension  of  the  prairie-inhabiting  deermice  of  central  North  America, 
which  connect  across  Oklahoma  and  the  more  northern  states  with  western  repre¬ 
sentatives  of  the  species. 

Peromyscus  leucopus  texanus  (Woodhouse).  Wood-Mouse.  This  is  the  common¬ 
est  and  one  of  the  most  widely  distributed  species  of  mammals  in  the  Tamaulipan 
province  of  Texas.  The  wood-mouse  reaches  very  high  population  densities  in  the 
Matamoran  district  and  decreases  in  abundance  northward  and  westward  from  this 
district.  The  greatest  abundance  of  wood-mice  was  found  about  10  miles  northwest 
of  Raymondville  in  December,  1947,  when  the  average  catch  per  100  trap  nights 
exceeded  73  wood-mice.  At  this  station,  three  traps  set  near  my  camp  on  the  night 
of  December  23,  and  run  continuously  from  six  to  10  in  the  evening,  took  24  wood- 
mice.  Sixteen  traps  in  the  same  area  the  following  night,  run  continuously  from  six 
to  nine  P.  M.,  took  28  additional  wood-mice.  Three  additional  mice  were  caught  dur¬ 
ing  the  remainder  of  the  second  night,  and  five  others  were  caught  by  hand  in  an  old 
chuck  box  on  a  mesquite  tree  in  the  same  area.  All  of  this  adds  up  to  a  total  of  60 
wood-mice  from  an  area  less  than  an  acre  in  extent. 

A  population  of  the  same  order  of  density  as  the  Willacy  County  one  was  sampled 
from  December  28,  1948,  to  January  2,  1949,  about  six  miles  south  of  McAllen. 
The  average  catch  per  100  trap  nights  at  this  station  was  62.5  wood-mice.  When  this 
station  was  revisted  from  April  17  to  18,  1949,  an  average  of  only  5.6  wood-mice 
per  100  trap  nights  was  obtained.  When  the  McAllen  station  was  revisited  by  H.  W. 
Phillips,  J.  A.  Herrmann  and  W.  H.  McCarley  from  January  26  to  29,  1950,  an  av¬ 
erage  catch  of  19.7  wood-mice  per  100  trap  nights  was  obtained.  The  records  from 
the  McAllen  station  indicate  both  seasonal  and  year  to  year  fluctuations  in  numbers. 

Wood-mice  were  taken  at  every  station  investigated  in  the  Tamaulipan  province 
except  on  Mustang  Island.  Population  densities  equal  to  those  in  the  Matamoran 
district  were  never  encountered  in  the  Nuecian  district.  The  greatest  local  densities 
in  the  latter  district  were  found  on  the  Apache  Ranch  in  Webb  County  in  March, 
1949,  when  the  catch  of  wood-mice  per  100  trap  nights  averaged  34.5  along  the 
grassy  banks  of  the  Rio  Grande  and  15.0  in  an  arid  cactus — creosote  bush  associa¬ 
tion.  In  the  remainder  of  the  Neucian  district,  the  average  catch  per  100  trap  nights 
ranged  from  a  low  of  1.0  to  a  high  of  12.8  wood-mice. 

The  wood-mouse  population  of  the  Tamaulipan  province  in  Texas  has  greater 
areal  continuity  of  distribution  than  is  found  in  probably  any  other  part  of  the  range 
of  this  species.  There  is  little  isolation  of  local  populations,  except  by  distance,  and 
local  selection  and  isolation  by  distance  are  probably  the  principal  factors  affecting 
geographic  variation  of  the  wood-mouse  in  this  province  in  Texas. 

Baiomys  taylori  taylori  (Thomas).  Pygmy  Mouse.  The  pygmy  mouse  is  common 
in  approximately  the  eastern  one-half  of  the  Tamaulipan  province  in  Texas.  One  was 
taken  in  a  mesquite — cactus  association  about  eight  miles  east  of  Alice  on  November 
30,  1946.  Thirteen  were  trapped  from  December  28,  1948,  to  January  2,  1949,  in  a 
brush  association  about  six  miles  south  of  McAllen,  and  10  were  taken  at  this  same 
place  from  January  26  to  29,  1950,  by  H.  W.  Phillips.  Sixteen  were  trapped  in  a 
brush  association  about  six  miles  northeast  of  Rockport  on  April  7,  1950.  Two  were 
taken  just  beyond  the  northeastern  boundary  of  the  Tamaulipan  province  in  a  decidu¬ 
ous  forest  at  Soefgke’s  Swamp  in  Gonzales  County,  about  seven  miles  southeast  of 
Luling,  on  March  30,  1949. 
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Osgood  (1909)  recorded,  this  species  from:  Beeville,  Brownsville,  Rockport, 
San  Antonio,  and  San  Diego.  A  line  from  McAllen,  through  San  Diego,  to  San 
Antonio  marks  the  western  limit  of  the  known  range  of  the  pygmy  mouse  in  Texas. 
This  species  ranges  beyond  the  province  to  the  northeast,  following  the  coastal  prairies 
eastward  to  Jefferson  County. 

Onychomys  leiicogaster  lengipes  Merriam.  Grasshopper  Mouse.  The  grasshopper 
mouse  is  one  of  the  common  and  characteristic  small  rodents  of  the  Tamaulipan 
province.  This  species  is  not  limited  by  soil  type,  and  it  apparently  has  a  fairly  con¬ 
tinuous  distribution  throughout  all  of  the  province  in  Texas  except  the  dense  brush 
of  the  Matamoran  district.  It  was  not  taken  during  field  work  in  1948,  1949,  and 
1950  in  such  brush  about  six  miles  south  of  McAllen.  It  was  common  about  10 
miles  northwest  of  Raymondville  in  December,  1947,  and  it  was  taken  about  17  miles 
northwest  of  Edinburg  in  November,  1948.  Both  of  these  stations  lie  near  the  ap¬ 
parent  boundary  of  the  Matamoran  district. 

Records  for  this  species  include:  Bee  County,  8  miles  north  of  Beeville,  3,  8 
miles  south  of  Beeville,  1;  Cameron  County ,  2  miles  west  of  Port  Isabel,  3;  Frio 
County,  2  miles  north  of  Dilley,  2;  Jim  Hogg  County,  20  miles  south  of  Hebbron- 
ville,  13;  Hidalgo  County,  17  miles  northwest  of  Edinburg,  4;  Live  Oak  County,  2 
miles  west  of  Oakville,  4;  McMullen  County,  10  miles  west  of  Simmons,  5;  Nueces 
County,  Mustang  Island,  10;  Webb  County,  40  miles  southwest  of  Catarina,  10;  Wil¬ 
lacy  County,  10  miles  northwest  of  Raymondville,  11;  Zapata  County,  5  miles  east  of 
Zapata,  21. 

Hollister  (1914)  recorded  this  species  from:  Bee  County,  Brownsville,  Com¬ 
stock,  Corpus  Christi,  Eagle  Pass,  Fort  Clark,  Laredo,  Lomita  Ranch  (Hidalgo 
County),  Nueces  Bay,  Raglan’s  Ranch  (on  Rio  Grande),  Sauz  Ranch  (Cameron 
County),  and  Sycamore  Creek. 

This  insectivorous  and  carnivorous  species  is  surprisingly  common  at  times  in 
some  localities  in  the  Tamaulipan  province.  At  the  Raymondville  station  in  Decem¬ 
ber,  1947,  11  individuals  were  taken  in  one  night  on  a  one-acre  plot.  Eight  of  these 
were  caught  between  6:00  and  9:00  P.  M.,  and  five  of  these  were  caught  in  rapid 
succession  in  the  same  trap.  Baker  and  Lay  (1938)  took  12  individuals  in  100  traps 
that  were  run  four  times  during  the  night  on  Mustang  Island. 

Sigmodon  hispidus  berlandieri  Baird.  Cotton  Rat.  The  cotton  rat  is  one  of  the 
common  and  characteristic  rodents  of  the  Tamaulipan  province.  This  species  shows 
marked,  cyclic  fluctuations  in  abundance  in  biotic  provinces  to  the  north  of  the 
Tamaulipan,  but  there  is  little  evidence  of  any  general  occurrence  in  the  Tamaulipan 
province  of  a  cyclic  build  up  to  peak  densities,  followed  by  a  "crash”  to  extremely 
low  densities. 

The  average  catch  per  100  trap  nights  (one  trap  night  equals  one  trap  set  for 
one  night)  gives  a  crude  estimate  of  relative  abundance.  A  catch  of  20  cotton  rats 
per  100  trap  nights  (found  at  one  station  in  1947  and  at  one  in  1949)  indicates 
a  dense  population  in  view  of  the  fact  that  other  species,  some  of  them  at  population 
highs,  were  also  caught.  At  such  times,  cotton  rats  could  be  seen  active  during  the 
day  or  night,  and  the  evidence  of  their  presence  was  seen  in  trails,  surface  nests, 
feeding  stations,  and  diggings  around  cacti  and  thorny  shrubs.  Catches  of  from 
one  to  eight  cotton  rats  per  100  trap  nights,  the  commonest  range  of  100-trap-night 
values  during  the  four-year  period,  arc  taken  to  indicate  moderate  to  moderately 
low  densities.  Failure  to  take  the  specie:  in  a  series  of  trapping  nights  is  taken  to 
indicate  very  low  densities. 

Trapping  was  done  at  only  two  stations  in  the  fall  of  1946.  Eight  cotton  rats 
per  100  trap  nights  were  taken  in  a  grassy  ditch  bordering  an  area  of  mesquite — 
cactus  association,  about  eight  miles  east  of  Alice,  on  November  30.  No  cotton  rats 
were  caught  in  250  trap  nights,  November  27  to  29,  on  grassy  sand  dunes  of  Mustang 
Island.  At  this  same  station  on  Mustang  Island  on  April  8  to  9,  1950,  an  average 
of  two  cotton  rats  per  100  trap  nights  was  found. 

Trapping  was  done  at  one  station  in  the  spring  and  at  five  stations  in  the  fall 
and  winter  of  1947.  The  maximum  density  of  cotton  rats  was  found  in  a  mesquite — 
cactus  association  about  two  miles  west  of  Oakville,  where  more  than  20  rats  were 
taken  per  100  trap  nights  from  November  26  to  30.  Catches  per  100  trap  nights 
at  the  other  stations  were:  eight  in  mesquite — cactus  association  about  two  miles  north 
of  Dilley  on  December  30;  six  in  a  brush  association  about  10  miles  northwest  of 
Raymondville  on  December  23  and  24;  two  in  a  sacahuiste — goatbrush  association 
about  two  miles  west  of  Port  Isabel  on  December  26  and  27;  one  in  salt  marsh 
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and  mesquite — cactus  associations  at  the  mouth  of  Mission  Bay  on  May  27;  two  in 
a  mesquite — cactus  association  about  10  miles  west  of  Simmons  on  December  5  and 
6,  and  none  in  140  trap  nights  at  the  same  station  on  February  20  and  21s  1948. 
At  only  the  Oakville  station  were  the  cotton  rat  populations  at  a  high  density  in 
1947,  while  the  other  localities  had  moderate  to  moderately  low  populations. 

Four  stations  were  investigated  in  the  fall  of  1948.  An  average  of  two  cotton 
rats  per  100  trap  nights  was  found  in  brush  about  six  miles  south  of  McAllen  from 
December  29,  1948,  to  January  2,  1949.  No  cotton  rats  were  taken  at  the  McAllen 
station  in  268  trap  nights  on  April  17  to  18,  1949-  This  station  was  revisited  by 
H.  W.  Phillips  on  January  26  to  29,  1950,  when  he  took  an  average  of  five  cotton 
rats  per  100  trap  nights.  In  1948,  no  cotton  rats  were  taken  in  575  trap  nights  in 
brash  about  five  miles  east  of  Zapata,  from  November  25  to  28.  This  same  station 
was  trapped  from  November  10  to  11,  1949,  and  an  average  of  one-third  of  a 
cotton  rat  per  100  trap  nights  was  taken.  In  1948,  no  cotton  rats  were  taken  in  300 
trap  nights  from  November  6  to  8  in  brash  about  17  miles  northwest  of  Edinburg, 
and  none  was  taken  in  400  trap  nights  from  December  23  to  28  In  brush  about 
20  miles  south  of  Hebbronville. 

Population  indexes  varied  in  early  1950  from  one  catch  per  100  trap  nights  on 
April  7  about  six  miles  east  of  Rockport  and  two  on  April  8  and  9  on  Mustang 
Island  to  five  per  100  trap  nights  at  the  McAllen  station. 

The  trap  night  indexes  indicated  that  peaks  in  population  density  were  reached 
locally  in  1947  and  1949,  but  they  also  indicate  that  numerous  other  populations 
in  the  Tamaulipan  province  were  at  moderate  or  low  levels.  The  1949  peak  was 
reached  over  apparently  an  extensive  area  in  the  Rio  Grande  Valley.  On  November 
10,  1949,  I  checked  for  cotton  rat  damage  to  tomato  fields  in  the  vicinity  of  San 
Ignacio,  Zapata  County,  and  found  evidence  of  a  dense  population  in  brash  adjacent 
to  the  fields.  The  build  up  in  population  density  apparently  did  not  extend  down  the 
Rio  Grande  as  far  as  McAllen,  for  no  rats  were  caught  there  in  268  trap  nights  in 
April,  1949,  and  only  five  per  100  trap  nights  were  taken  there  in  January,  1950. 

On  the  basis  of  evidence  that  is  presently  available,  cotton-rat  populations 
appear  to  fluctuate  much  less  violently  in  the  Tamaulipan  province  than  in  more 
northern  parts  of  the  range  of  the  species.  Local  peaks  of  population  density  may 
occur,  but  moderately  dense  populations  may  be  expected  in  any  year  at  some  locali¬ 
ties  in  this  biotic  province.  The  situation  here  is  very  different  from  what  is  found 
to  the  north  of  the  province.  For  example,  cotton  rats  seemed  almost  to  have  dis¬ 
appeared  from  the  vicinity  of  Austin  in  1948  and  1949.  Forty  traps  set  In  a  mesquite 
association  five  miles  east  of  Austin  on  October  13,  1950,  took  24  cotton  rats,  which 
indicates  a  greater  density  of  cotton  rats  than  was  found  at  any  of  the  stations  In  the 
Tamaulipan  province.  This  population  had  declined  greatly  by  March  1,  1951. 

Neotoma  micropus  micropus  Baird.  Plains  Packrat.  This  is  one  of  the  most 
common  and  most  widely  distributed  rodents  of  the  Tamaulipan  province.  The  only 
other  large  rodents  which  may  equal  it  locally  In  numbers  are  the  pocket  gophers 
(Geomys) ,  but  the  gophers  are  limited  to  sandy  soils.  This  packrat  is  an  extremely 
important  animal  in  the  biecology  of  the  brushlands  of  the  Tamaulipan  province. 
Its  large,  stick  nests,  both  occupied  ones  and  abandoned  ones,  provide  refuge  for 
numerous  species  of  vertebrates  and  invertebrates.  Its  large  individual  bulk  and  high 
numbers  make  it  an  important  source  of  animal  food  for  such  predators  as  the  Texas 
diamondback  ( Crotalus  atrox) ,  the  various  cats  ( Felis )  and  others.  It  is  an  important 
competitor  for  plant  foods  because  of  its  bulk  and  numbers,  and  the  evidence  of  its 
feeding  on  such  plants  as  the  prickly  pear  ( Opuntia  lindheimeri )  is  conspicuous 
throughout  the  province  in  Texas. 

This  species  was  common  during  the  three-year  period,  1947-1949,  at  all  sta¬ 
tions  investigated  except  in  Atascosa  County,  where  only  old  nests  were  found.  The 
evidence  seems  to  point  to  very  little  year  to  year  variation  in  population  density 
over  most  of  the  province.  My  records  of  specimens  collected  give  little  indication  of 
abundance,  because  no  effort  was  made  to  obtain  large  series  of  this  species. 

Specimens  collected  include:  Bee  County,  12  miles  north  of  Beeville,  2;  Frio 
County,  2  miles  north  of  Dilley,  1;  Hidalgo  County,  6  miles  south  of  McAllen,  8, 
17  miles  northwest  of  Edinburg,  4;  Jim  Hogg  County,  20  miles  south  of  Hebbron¬ 
ville,  6;  Karnes  County,  2  miles  west  of  Kenedy,  2;  McMullen  County,  10  miles  west 
of  Simmons,  7;  Webb  County,  40  miles  southwest  of  Catarina,  2;  Willacy  County, 
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10  miles  northwest  of  Raymond vi lie,  3;  Zapata  County,  5  miles  east  of  Zapata,  9- 
Goldman  (1910)  recorded  this  species  from  23  localities  in  the  Tamaulipan  province 
of  Texas.  The  species  ranges  beyond  this  province  to  the  northwest,  west,  and  south. 

Rattus  vattus  alexandrinus  (Geoff toy).  Roof  Rat.  One  specimen  of  this  species 
was  trapped  about  six  miles  south  of  McAllen  in  December,  1948,  and  two  were 
taken  there  in  January,  1950.  These  rats  were  taken  in  a  flood-plain  forest  of  elm 
and  thorny  brush.  This  is  the  only  record  I  have  of  the  roof  rat  occurring  away 
from  human  habitation  in  the  Tamaulipan  province. 

Mus  musculus  musculus  Linnaeus.  House  Mouse.  This  species  occurs  in  large 
numbers  away  from  human  habitation  in  at  least  two  areas  of  the  Tamaulipan  province 
in  Texas.  Twenty-seven  house  mice  were  caught  on  March  5  to  6,  1949,  on  the 
Apache  Ranch  in  Webb  County.  These  mice  were  living  on  the  grassy  cut-bank  of 
the  Rio  Grande,  where  they  were  exceeded  in  abundance  only  by  wood-mice,  which 
exceeded  them  about  two  to  one.  An  approximately  equal  trapping  effort  in  a  dry, 
cactus — creosote  bush  association  at  this  station  yielded  no  house  mice.  This  species 
is  also  well  established  on  Mustang  Island,  where  three  were  trapped  in  November, 
1949,  about  five  mile  south  of  Port  Aransas,  and  24  were  trapped  at  the  same  local¬ 
ity  on  April  8  to  9,  1950. 

Baker  and  Lay  (1938)  failed  to  take  the  house  mouse  on  Mustang  Island  in  100 
trap  nights  in  April,  1938,  about  18  miles  south  of  Port  Aransas  and  concluded  that 
this  species  had  been  unable  to  spread  over  the  island  because  of  a  lack  of  fresh  water. 
This  argument  is  discounted  by  the  large  population  indicated  in  the  spring  of  1950. 

Cams  lupus  monstrabilis  Goldman.  Gray  Wolf.  This  species  appears  to  have  been 
extirpated  in  the  Tamaulipan  province  of  Texas.  Young  and  Goldman  (1944)  gave 
a  former  range  for  this  species  that  included  the  entire  Tamaulipan  province  in  this 
state,  but  their  only  record  from  this  province  was  a  skull  from  Matamoras,  Tamauli- 
pas. 

Cams  latrans  Say.  Coyote.  The  coyote  is  the  most  common  large  native  carnivore 
throughout  the  Tamaulipan  province  in  Texas.  The  calls  of  this  species  were  heard, 
and  individuals  were  seen,  at  my  camps  throughout  the  province  in  this  state. 

Two  subspecies  are  recognized  within  the  Tamaulipan  province  (see  Nelson, 
1932).  Bailey  (1905)  recorded  Cams  L  micro  don  from  Brownsville,  Roma,  and  Alice. 
Cams  1.  texensis  was  described  by  Bailey  {op.  cit .)  from,  ”45  miles  southwest  of  Cor¬ 
pus  Christi.” 

Urocyon  cinereoargenteus  scotti  Mcarns.  Gray  Fox.  Bailey  (1905)  recorded  this 
species  from  San  Diego. 

Ursus  species.  Black  Bear.  Bailey  (1905)  cited  the  occurrence  of  Ursus  luteolus 
near  San  Diego  and  on  the  Nueces  River  west  of  Beeville.  Recent  records  of  the 
black  bear  from  the  lower  Rio  Grande  Valley  (see  Anonymous,  1951)  apparently 
represent  individuals  that  have  wandered  in  from  mountains  some  60  miles  away  in 
Mexico.  These  animals  probably  belong  to  the  species  americanus,  which  still  occurs  in 
the  Trans-Pecos  region  of  Texas. 

Bassariscus  astutus  flavus  Rhoads.  Ringtail.  Bailey  (1905)  recorded  this  species 
from  Brownsville,  Corpus  Christi,  and  Seguin  and  stated  that,  "civet  cats  (ringtails) 
are  common  over  the  chaparral,  mesquite  and  cactus  plains  of  southern  Texas  down 
to  the  very  coast.”  This  species  is  common  in  the  Balconian  province  to  the  north, 
where  it  prefers  rock  bluffs,  but  it  does  range  eastward  in  Texas  to  Jefferson  County 
in  the  Austroriparian  province  (Blair,  1949). 

Procyon  lotor  fuscipes  Mearns.  Raccoon.  This  carnivore  is  common  throughout 
the  Tamaulipan  province  in  Texas,  and  tracks  and  other  evidence  of  its  presence  were 
seen  at  all  major  collecting  localities.  One  specimen  was  collected  dead  on  the  road 
by  A.  G.  Flury  in  La  Salle  County,  about  16  miles  north  of  Encinal,  on  November 
25,  1948.  One  was  trapped  by  C.  E.  Miller  on  the  Apache  Ranch,  Webb  County,  on 
March  5,  1950.  Raccoons  are  not  limited  in  this  province  to  the  vicinity  of  water, 
for  their  tracks  were  found  far  away  from  any  standing  or  running  water. 

Goldman  (1950)  recorded  this  species  from:  Brownsville,  Corpus  Christi, 
Eagle  Pass,  Fort  Clark,  Laredo,  Lomita  Ranch  (Hidalgo  Co.),  Los  Ratones  (Zapata 
Co.)  and  Padre  Island. 

Nasua  narica  (Linnaeus).  Coati.  The  occurrence  of  the  coati  in  the  Tamaulipan 
province  of  Texas  has  been  reported  from  time  to  time.  Bailey  (1905)  reported  a 
coati  from  Brownsville  and  noted  that,  since  J.  A.  Allen  identified  this  specimen  as 
Nasua  narica  yucatanica,  it  may  have  been  an  imported  animal  that  escaped  from  cap¬ 
tivity.  Taber  (1940)  recorded  this  species  from  Eagle  Pass,  but  suspected  that  it  may 
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have  been  an  escaped  pet.  Davis  (1943b)  reported  a  coati  from  the  Rio  Frio,  about 
40  miles  north  of  Uvalde,  and  indicated  that  at  least  one  other  individual  was  re¬ 
ported  to  be  at  large  in  that  locality.  Fie  suggested  that  the  coati  may  be  extending 
its  range  into  western  Texas. 

Mustela  frenata  frenata  Lichtenstein.  Bridled  Weasel.  This  species  appears  to  be 
common  in  the  Matamoran  district  and  comparatively  rare  in  the  Nuecian  district. 
Weasels  were  seen  on  two  occasions  in  the  brush  six  miles  south  of  McAllen  in 
December,  1948.  One  was  seen,  and  one  was  collected  at  the  same  place  in  April, 
1949.  Another  was  collected  at  the  same  place  by  W.  H.  McCarley  in  January,  1950. 

Mulaik  (1938)  recorded  this  species  from  Edinburg  and  San  Antonio.  Bailey 
(1905)  reported  this  species  as  widely  distributed  but  never  common  over  southern 
Texas.  He  reported  records  from  Brownsville,  Hidalgo,  San  Diego,  Beeville,  Corpus 
Christi,  and  San  Antonio.  W.  B.  Davie  (personal  communication)  reports  records 
from  Aransas  and  Goliad  Counties. 

Taxidea  taxus  Schreber.  Badger.  The  characteristic  burrows  of  this  species  were 
common  on  Mustang  Island  in  the  vicinity  of  Port  Aransas  and  on  sandy  soil  about 
seven  miles  south  of  Lytle,  Atascosa  County.  Schantz  (1949)  recorded  this  species 
from  Brownsville,  Corpus  Christi,  Laredo,  Padre  Island,  and  Sabinal.  Bailey  (1905) 
recorded  this  species  from  Corpus  Christi  and  San  Antonio. 

Schantz  (1949)  has  described  a  coastal  subspecies,  Taxidea  taxus  littoralis  Schantz, 
on  the  basis  of  four  skins  and  six  skulls  from  southern  Texas  and  northern  Mexico. 
She  classifies  specimens  from  Laredo  and  Sabinal  as  Taxidea  t.  berlandieri  Baird  and 
states  that  littoralis,  "intergrades  with  that  race,  as  evidenced  by  specimens  from  Sabi¬ 
nal,  Texas,  which  are  slightly  washed  with  black.” 

Mephitis  mephitis  varians  Gray.  Striped  Skunk.  Howell  (1901)  recorded  this 
species  from  localities  that  indicate  its  distribution  throughout  the  Tamaulipan  province 
in  Texas.  No  specimens  were  collected  during  my  work,  but  dead  animals  on  the 
highways  indicated  that  this  is  a  common  and  widespread  species  in  the  province. 

Spilogale  putorius  indianola  Merriam.  Eastern  Spotted  Skunk.  Davis  (1945) 
recognizes  only  two  species  of  spotted  skunks  in  Texas,  and  both  of  these  are  recorded 
from  the  Tamaulipan  province.  Howell  (1906)  recorded  indianola  from  Beeville, 
Corpus  Christi,  Rockport,  and  San  Antonio,  which  indicates  that  this  eastern  species 
ranges  into  the  eastern  part  of  the  Tamaulipan  province. 

Spilogale  gracilis  leucoparia  Merriam.  Western  Spotted  Skunk.  Howell  (1906) 
recorded  leucoparia  from  Comstock,  Eagle  Pass,  and  Laredo,  which  indicates  that  this 
western  species  ranges  into  the  western  part  of  the  Tamaulipan  province. 

Conepatus  leuconotus  texensis  Merriam.  Rooter .  Skunk.  Bailey  (1905)  recorded 
this  species  from  Brownsville  and  Laredo  and  stated  that  it  extends  up  the  coast  as 
far  as  Rockport.  He  also  stated  that  this  species  is  reported  to  occur  on  Padre  Island. 

Conepatus  mesoleucus  mearnsii  Merriam.  Hog-nosed  Skunk.  Bailey  (1905)  re¬ 
ported  that  this  species  was  common  in  the  western  part  of  the  Tamaulipan  province 
south  to  Dimmit  County. 

Panthera  onca  onca  (True).  Jaguar.  This  species  is  rare  today  in  the  southern 
part  of  the  Tamaulipan  province  of  Texas,  and  it  has  disappeared  from  the  northern 
parts  of  the  province.  Taylor  (1947)  recorded  one  that  had  been  killed  in  1946, 
near  San  Benito,  Cameron  County.  He  also  referred  to  one  said  to  have  been  killed 
about  35  years  ago  near  Lyford,  Willacy  County.  Bailey  (1905)  reported  this  species 
as,  "once  reported  as  common  over  southern  Texas  and  occupying  nearly  the  whole  of 
the  eastern  part  of  the  state  to  Louisiana  and  north  to  the  Red  River.”  He  reported 
the  species  from  Live  Oak  Peninsula,  near  Rockport,  from  Carrizo  Springs,  and  from 
localities  north  and  northeast  of  the  Tamaulipan  province.  Modern  records  from  the 
Matamoran  district  probably  represent  dispersal  across  the  Rio  Grande  from  Mexico. 

Felis  pardalis  albescens  Pucheran.  Ocelot.  The  ocelot  once  ranged  northward 
beyond  the  Tamaulipan  province  (see  Bailey,  1905),  but  it  is  apparently  limited  today 
to  the  southern  part  of  the  province  in  Texas.  Goldman  (1943)  recorded  this  species 
from  Brownsville,  Eagle  Pass,  20  miles  northwest  of  Raymondville,  and  King  Ranch 
(Kleberg  County).  W.  B.  Davis  (personal  communication)  reports  one  specimen 
from  George  West,  Live  Oak  County. 

Felis  concolor  stanleyana  Goldman.  Cougar.  Young  and  Goldman  (1946)  re¬ 
corded  this  species  from  numerous  localities  in  the  southern  and  central  part  of  the 
Tamaulipan  province  of  Texas.  Bailey  (1905)  recorded  this  species  from  as  far  north 
as  Oakville.  The  cougar  has  become  scarce  or  extirpated  in  the  northern  and  eastern 
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part  of  this  province  in  Texas,  but  it  still  exists  in  considerable  numbers  in  the  brush- 
lands  bordering  the  Rio  Grande  above  Laredo. 

Veils  cacomitli  Berlandier.  Red  and  Gray  Cat.  Bailey  (1905)  reported  this  species 
from  Brownsville.  Taylor  and  Davis  (1947)  indicated  the  distribution  of  this  suedes 
in  Texas  as,  "Brush  country  (at  least  in  Cameron,  Hidalgo,  Starr,  and  Willacy  Coun¬ 
ties)  in  extreme  southern  Texas.’’  The  available  records  indicate  that  this  species  is 
probably  limited  in  the  state  to  the  Matamoran  biotic  district. 

Veils  wie dll  cooperi  Goldman.  Margay.  This  tropical  and  subtropical  species  is 
known  from  Texas  from  a  single  specimen  collected  in  1852  at  Eagle  Pass.  This 
single  specimen  was  made  the  type  of  cooperi  by  Goldman  (19-13),  and  it  remains 
the  sole  known  specimen  of  this  subspecies. 

Veils  rujus  texensls  (Allen).  Bob-Cat.  This  species  is  common  in  the  Tamauli¬ 
pan  province,  and  tracks  were  commonly  seen  at  the  major  collecting  localities.  A  re¬ 
cently  killed  specimen  was  examined  on  the  Apache  Ranch.  Bailey  (1905)  reported 
this  species  as  common  in  southern  Texas. 

Tayassu  tajacu  (Linnaeus).  Javelina.  This  species  ranges  throughout  the  Tamauli¬ 
pan  province  in  Texas  and  is  reported  to  have  ranged  previously  northward  to  the 
Red  River  and  eastward  to  Brazoria  County  (Texas  Game,  Fish  and  Oyster  Commis¬ 
sion,  1945).  It  is  comparatively  scarce  and  local  in  distribution  today  in  the  Bal- 
conian  province  and  in  the  Big  Bend  region  of  Trans-Pecos  Texas,  but  it  is  common 
in  the  Pecos  Valley  north  at  least  as  far  as  Sheffield  (see  Herrmann,  1950).  Evidence 
of  its  occurrence  in  the  form  of  tracks,  sight  records,  or  skeletons  was  found  at  most 
of  the  collecting  stations  in  the  Tamaulipan  province. 

Odocoileus  virginianus  texanus  (Mearns).  Whitetail  Deer.  This  species  occurs 
throughout  the  Tamaulipan  province  in  Texas  (Texas  Game,  Fish  and  Oyster  Com¬ 
mission,  1945),  where  it  is  the  most  important  big-game  species  of  the  region.  Evi¬ 
dence  of  its  occurrence  in  the  form  of  tracks,  sight  records,  shed  antlers,  or  skeletons 
was  found  at  most  of  the  stations  in  the  Tamaulipan  province. 

Antilocapra  amerlcana  Merriam.  Pronghorn.  This  species,  according  to  the  Texas 
Game,  Fish  and  Oyster  Commission  (1945),  once  ranged  over  all  of  the  Tamaulipan 
province  in  Texas  except  a  narrow  strip  along  the  Gulf  coast  and  the  valley  of  the 
Rio  Grande  below  Maverick  County.  Small  native  populations  have  persisted  to  the 
present  in  Webb  and  Jim  Hogg  Counties.  The  species  is  being  restocked  in  some 
parts  of  the  brush  country  with  animals  from  Trans-Pecos  Texas. 

BIOGRAPHICAL  IMPORTANCE  OF  THE  TAMAULIPAN  PROVINCE 

The  heterogeneous  assemblages  of  subtropical,  southwest-desert,  Great 
Plains,  and  eastern-forest  species  of  mammals  in  the  Tamaulipan  province 
of  Texas  has  already  been  discussed  by  Blair  (1950).  This  province  has  a 
greater  diversity  of  faunal  elements  than  any  other  similar  area  in  Texas. 

The  Tamaulipan  province  is  also  biogeographically  important  because  it 
lies  on  the  apparent  route  of  invasion  of  eastern,  forrested  North  America 
by  various  species  of  mammals  from  Mexico.  The  ability  of  the  animals  to 
utilize  this  route  of  dispersal  has  apparently  varied  with  past,  major  varia¬ 
tions  in  the  climates  of  the  region.  There  has  been  the  opportunity,  therefore, 
for  species  that  invaded  southeastern  North  America  to  become  isolated  from 
their  parent  populations  in  Mexico.  Such  geographic  isolation  represents  an 
initial  stage  in  speciation,  and  the  pattern  of  mammalian  speciation  in  south¬ 
eastern  North  America  today  apparently  traces  back  to  Pleistocene  climatic 
changes  that  alternately  favored  and  prevented  dispersal  through  this  region 
of  Texas.  The  southward  shift  of  cold  climates  during  Pleistocene  glacial 
stages  apparently  excluded  stenothermal,  warmth-limited  mammals  from 
much  of  the  Gulf  coastal  plain.  Some  populations  apparently  found  an  eco¬ 
logical  "refuge”  in  Florida,  while  others  were  apparently  forced  south  in 
Mexico  (see  Adams,  1902;  Deevey,  1949).  The  present  distribution  of  mam¬ 
mals  in  the  southern  United  States  can  be  interpreted  in  terms  of  dispersal 


248 


The  Texas  Journal  of  Science 


1952,  No.  2 
June  30 


from  these  refuges  following  the  retreat  of  the  Wisconsin  glaciers  from  the 
northern  part  of  the  country  and  the  subsequent  warming  of  climates  along 
the  Gulf  coast. 

The  distributional  history  of  the  armadillos  ( Dasypus )  illustrates  some 
of  the  distributional  changes  that  have  taken  place  along  the  Gulf  coast. 
Armadillos  ( Dasypus  bellus )  ocurred  in  Florida  in  the  Pleistocene,  but  they 
failed  to  survive  there  (see  Simpson,  1929).  This  population  presumably 
reached  Florida  during  a  favorable  climatic  phase,  but,  being  highly  cold- 
intolerant,  it  failed  to  survive  there.  With  favorable  conditions  prevailing 
today  along  the  Gulf  coast,  the  last  40  years  have  seen  another  eastward 
dispersal  of  the  armadillo,  with  this  dispersal  possibly  accelerated  by  man¬ 
made  changes  in  its  environment  in  the  Tamaulipan  province.  The  species 
novemcinctus  occurs  in  Florida  today  due  to  its  introduction  by  man  (Sher¬ 
man,  1936),  but  its  own  powers  of  dispersal  have  apparently  carried  it  east¬ 
ward  to  Alabama  (see  Taber,  1939). 

In  some  cases,  populations  of  a  species  evidently  survived  the  Pleistocene 
in  both  Florida  and  Mexico  and  have  subsequently  diverged  to  the  point 
where  they  are  considered  different  species.  The  eastern  rice  rat  ( Oryzomys 
palustris )  approaches,  but  apparently  does  not  overlap,  the  range  of  the 
closely-related  Mexican  and  Central- American  resaca  rat  ( Oryzomys  couesi) 
in  the  Tamaulipan  province.  The  yellow  bat  ( Dasypterus  intermedins)  has  a 
close  relative  ( Dasypterus  florid  anus)  in  the  southeastern  states,  and  the 
Mexican  freetail  bat  {Tad  arid  a  mexicana)  has  a  near  relative  ( T  adarida  cyno- 
cephala)  in  the  southeastern  states.  In  none  of  these  cases  do  the  ranges  of 
the  related  species  overlap,  so  it  is  unknown  whether  or  not  the  animals 
themselves,  as  well  as  the  taxonomists,  consider  them  to  be  separate  species. 
The  eastern  and  western  spotted  skunks  ( Spilogale  putorius  and  3.  gracilis , 
respectively)  both  occur  in  the  Tamaulipan  province  and  apparently  fail  to 
interbreed. 

In  the  case  of  the  opossums  at  least,  dispersal  from  Pleistocene  refuges 
and  subsequent  overlap  of  ranges  apparently  occurred  before  the  two  popula¬ 
tions  had  differentiated  to  the  point  that  they  would  no  longer  interbreed. 
These  apparently  once-isolated  populations  now  appear  to  interbreed  in  a 
zone  of  secondary  intergradation  around  the  eastern  and  northeastern 
boundary  of  the  Tamaulipan  province. 

Several  species  of  mammals  have  ranges  today  that  extend  from  Mexico 
through  the  Tamaulipan  province  into  forested,  eastern  North  America.  The 
range  of  the  pygmy  mouse  {Baiomys  taylori)  follows  the  Gulf  coast  east¬ 
ward,  but  it  has  not  crossed  the  Sabine  River.  The  cotton  rat  {Sigmodon 
hispidus) ,  tawny  harvest  mouse  ( Reithrodontomys  fulvescens) ,  wood-mouse 
{Peromyscus  leucopus) ,  cottontail  rabbit  ( Sylvilagus  florid  anus) ,  fox  squir¬ 
rel  ( Sciurtts  niger) ,  little  shrew  {Cryptotis  parva)  and  pipistrelle  (Pipi- 
strellus  subflavus )  extend  on  eastward  into  much  of  the  southeastern  United 
States.  The  cottontail  rabbit  and  cotton  rat,  at  least,  occurred  in  Florida  in 
the  Pleistocene  (see  Simpson,  1929).  These  species  must  either  have  main¬ 
tained  continuity  of  distribution  along  the  coastal  plain  through  the  Pleisto¬ 
cene  glacial  stages,  or  the  populations  isolated  in  Florida  and  Mexico  must 
have  reestablished  contact  before  there  was  any  marked  morphological  differ¬ 
entiation  and  before  they  developed  mating  preferences  that  would  be  a  bar 
to  interbreeding  of  the  populations  when  contact  was  reestablished.  All  of 
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these  species  are  favorably  distributed  for  splitting  of  their  ranges  and  the 
initiation  of  the  speciational  process  in  the  event  that  another  period  of 
glaciation  causes  the  southward  shift  of  cold  climates. 

The  Tamaulipan  province,  then,  lies  on  an  important  dispersal  route. 
Mammals  that  follow  this  route  into  the  southeastern  states  may  find  that  it 
leads  to  extinction  as  it  did  for  the  Pleistocene  armadillo,  tapirs,  horses,  per- 
caries  and  other  mammals  that  met  Pleistocene  extinction  in  the  southeastern 
United  States.  Others  may  find  that  it  leads  to  geographic  isolation  and 
eventual  speciation,  as  in  the  case  of  the  rice  rats,  yellow  bats,  freetail  bats 
and  spotted  skunks. 

SUMMARY 

The  Tamaulipan  biotic  province  is  divisible  into  two  districts  in  Texas. 
The  Matamoran  district  includes  the  lower  Rio  Grande  Valley  of  Starr, 
Hidalgo,  Willacy  and  Cameron  Counties.  The  remainder  of  the  Tamaulipan 
province  in  Texas  is  designated  the  Nuecian  district. 

Mammals  were  collected  at  four  stations  in  the  Matamoran  district  and 
at  12  in  the  Nuecian  district  between  November,  1946,  and  December,  195  0. 
Sixty-two  species  of  mammals  have  been  recorded  from  the  Tamaulipan 
province  in  Texas.  Observations  were  made  on  relative  densities  of  mammals, 
on  population  trends  and  on  the  ecological  factors  that  limit  distribution  in 
this  province. 

This  province  has  a  greater  diversity  of  faunal  elements  than  any  other 
in  Texas.  This  province  is  biogeographically  important,  because  it  lies  on  the 
apparent  dispersal  route  for  invasion  of  forested,  eastern  North  America  by 
mammals  from  Mexico. 
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John  Rolfe:  A  True  Relation  of  the  state  of  Virginia  lefte  by  Sir  Thomas  Dale,  Knight,  in 
May  last  1616.  Printed  from  the  Original  Manuscript  in  the  Private  Library  of 
Henry  C'.  Taylor,  Esq.  Privately  printed  at  the  Yale  University  Press. 

The  manuscript  of  "A  True  Relation,”  now  in  the  library  of  Mr.  Henry 
C.  Taylor  of  New  York,  and  here  finely  edited  with  a  complete  facsimile 
and  other  advantages  in  a  slender  folio  (212  copies),  was  written  in  1616. 
Mr.  John  Melville  Jennings  supplies  an  account  of  the  writer,  the  most 
original  of  whose  adventures  was  his  marrying  the  Princess  Pocahontas  at 
Jamestown  in  1614.  Moreover,  since  the  marriage  "was  viewed  by  both  the 
English  settlers  and  the  Indians  as  a  friendly  alliance,”  Rolfe  was  rewarded 
with  the  post  of  secretary  to  the  colony  of  Virginia.  He  brought  his  wife 
to  England,  where  she  died  while  they  were  thinking  of  their  return  to 
America  in  1617;  he  returned,  and  died  there  in  1622. 

The  "True  Relation”  in  the  copy  now  printed  was  addressed  to  William 
Herbert,  Earl  of  Pembroke,  known  so  well  in  literary  history.  The  object 
was  to  counteract  the  growing  opinion  that  Virginia  was  unpromising  in 
"climate,  fertility  and  resources.”  Rolfe  blended  the  practical  with  the  re¬ 
ligious  in  his  document — "What  need  wee  then  to  feare ....?”  It  is 
described  in  Mr.  John  Cook  Wyllie’s  stirring  introduction  as  "this  great 
document,”  and  such  it  is,  though  Rolfe  intended  it  for  an  immediate 
situation  and,  he  hoped,  a  temporary  usefulness. 


1952,  No.  2 
June  30 


Reptiles  and  Amphibians  from  Mexico 


251 


NOTES  ON  A  COLLECTION  OF  AMPHIBIANS 
AND  REPTILES  FROM  EASTERN  MEXICO 

PHILIP  W.  SMITH,  HOBART  M.  SMITH,  AND  JOHN  E.  WERLER* 

In  the  fall  of  1948,  accompanied  by  Ralph  Axtell,  and  in  the  winter 
of  1951,  the  junior  author  made  collecting  trips  to  northeastern  Mexico  to 
obtain  living  specimens  of  amphibians  and  reptiles  for  exhibition  purposes 
at  the  San  Antonio  Zoological  Park.  Most  of  the  material  acquired  on  these 
expeditions  has  been  presented  to  the  University  of  Illinois  Museum  of 
Natural  History  to  which  catalog  numbers  in  the  following  account  refer. 
Most  of  the  records  are  for  the  state  of  Veracruz;  two  are  for  Puebla,  and 
one  one  each  for  Hidalgo  and  Tamaulipas. 

The  collection  totals  141  specimens,  representing  the  unusually  large 
number  of  46  species  and  subspecies.  The  specimens  of  about  half  the  species 
are  of  special  interest  as  rarities,  range  extensions,  or  as  providing  other 
increments  to  previous  knowledge.  One  species  is  regarded  as  new  ( Hyla 
darlingi) ,  and  two  forms  are  added  to  the  Veracruz  list  ( Pliocercus  elapoides 
celatus  and  Toluca  l.  line  at  a) .  Several  intergrade  and  peripheral  populations 
are  represented  in  addition  to  several  species  not  recorded  since  the  original 
descriptions. 

Thorius  pennatulus  Cope 

Five  specimens  (Nos.  21816-20)  were  secured  3  mi.  E  Las  Vigas,  Veracruz, 
in  dense,  damp  pine  woods  beneath  thick  sheets  of  moss  growing  on  decaying  logs. 
This  is  only  the  third  locality  from  which  the  species  is  known,  but  the  range 
extension  is  slight.  All  individuals  are  typical  in  the  possession  of  large  round 
nostrils  and  pointed  toes  on  at  least  some  of  the  feet.  One  specimen  has  pointed 
toes  on  three  of  the  feet  and  rounded  toe  tips  on  the  other.  The  body  pattern 
consists  of  a  dorsal  light  gray  band  which  is  sharply  delineated  dorsolaterally  by  the 
dark  gray  sides.  Snout-vent  lengths  range  from  17  to  22  mm. 

Boliioglossa  platydactyla  (Gray) 

On  the  night  of  November  14,  1948,  four  specimens  (Nos.  21803-6)  were 
discovered  lying  three  feet  above  the  water,  atop  a  large  tangle  of  vines  growing  in 
a  fast-flowing  stream  at  Puente  Nacional,  Veracruz.  They  range  from  58  to  76  mm. 
in  snout-vent  length. 

Chiropterotriton  chiroptera  ( Cope ) 

Seven  specimens  are  from  the  following  localities:  5  mi.  S  Teziutlan,  Puebla 
(Nos.  21795-9),  several  mi.  E  Teziutlan  (No.  21800),  and  3  mi.  E  Las  Vigas, 
Veracruz  (No.  21801).  This  species  was  taken  in  similar  situations  at  all  three 
stations:  within  damp  rotting  logs  in  pine  woods. 

Pseudoeurycea  nigromaculata  (Taylor) 

A  fine  series  of  eight  specimens  (Nos.  21808-15)  was  collected  3  mi.  E  Las 
Vigas,  Veracruz.  Two  were  found,  in  company  with  Eumeces  lynxe  furcirostris,  in  a 
huge  rotting  pine  log.  The  others  were  taken  from  beneath  pine  logs.  The  dorsum 
is  blue-gray  with  distinct  but  exceedingly  variable  black  spots,  blotches,  or  linear 
markings.  The  dorsal  surface  of  the  basal  portion  and  the  distal  tip  of  the  tail  are 
lighter  in  most  of  the  specimens.  The  venter  and  chin  are  blue-black  and  un¬ 
marked.  A  triangular  white  mark  is  present  on  the  upper  surface  of  each  toe-tip.  All 
specimens  agree  in  the  possession  of  13  costal  grooves,  slighty  expanded  toe  tops, 
distinct  subdigital  disks,  well  developed  sublingual  folds,  and  slight  constrictions  at 
the  base  of  the  tail.  Variation  in  certain  other  features  is  shown  in  the  following 
table. 


*  Illinois  Natural  History  Survey ;  University  of  Illinois,  Department  of  Zoology  and 
Museum  of  Natural  History ;  and  San  Antonio  Zoological  Society,  respectively. 


Pl.  1  .Lampropeltis  doliata  arcifera,  No.  21823,  from  Acultzingo,  Veracruz;  1032  mm.  total  length.  Photo  by  Darling  and  Werler, 
San  Antonio  Zoological  Society. 


1952,  No.  2 
June  30 


Reptiles  and  Amphibians  from  Mexico 


253 


Snout-vent 

length 

Tail  length 

Folds  between 
adpressed  limbs 

Dentary  teeth 

Vomerine 

teeth 

41  mm. 

58  mm. 

l  Vi 

43-41 

16-14 

43 

? 

2 

42- 

16- 

37.5 

42 

2 

39-36 

13-12 

39 

49 

2 

46-43 

15-15 

44 

54 

1 

49-45 

16-14 

37.2 

44.8 

1 

42-43 

14-15 

41.5 

50 

1  Vl 

42- 

12-12 

40.8 

42.5 

1  Yl 

39-37 

13-13 

Another  specimen  (No.  21807),  a  mature  female  50  mm.  from  snout  to  vent, 
is  from  the  crest  of  the  plateau  about  2  km.  W  Acultzingo,  Veracruz.  It  was  found 
in  a  small  bromeliad  growing  on  the  trunk  of  a  tree  some  ten  feet  above  the  ground. 
Only  P.  c.  cephalica  of  this  genus  of  salamanders  has  before  been  recorded  from 
this  locality  (Taylor  and  Smith,  1945,  p.  538).  As  a  matter  of  fact,  at  this  somewhat 
xeric  locality  at  an  elevation  of  approximately  7000  feet,  P.  nigromaculata  is  scarcely 
to  be  expected,  inasmuch  as  it  has  previously  been  recorded  only  from  lower  eleva¬ 
tions  (about  4000  feet)  in  mesic  areas. 

The  specimen  does  not,  furthermore,  agree  in  all  respects  with  P.  nigromaculata, 
differing  from  it  chiefly  in  lacking  the  characteristic  black  spots  on  a  light  back¬ 
ground.  Instead  it  is  dark,  dull  olive  above,  without  markings,  much  as  in  P. 
leprosa.  It  has  larger  feet,  a  more  sparse  pigmentation  generally  and  a  darker  chin 
than  that  species,  however.  It  clearly  is  not  referable  to  P.  cephalica,  lacking  the 
larger,  more  fully  webbed  feet  of  that  species.  Not  impossibly  the  specimen  represents 
an  intergrade  between  P.  leprosa  and  P.  nigromaculata ,  but  in  the  absence  of  speci¬ 
mens  of  the  former  species  from  immediately  adjacent  areas,  the  possibility  cannot 
now  be  properly  explored.  We  tentatively  allocate  the  specimen  to  the  species  it 
most  closely  resembles.  The  vomerine  teeth  (14-16)  and  maxillary-premaxillary 
teeth  (46-49)  are  typical  for  P.  nigromaculata. 

This  series  appears  to  be  first  of  this  species  reported  since  the  original  descrip¬ 
tion  (Taylor,  1941,  pp.  141-145). 

Pseudoeurycea  cephalica  cephalica  (Cope) 

One  specimen  (No.  21802)  was  taken  under  a  damp  rotting  log  in  pine 
woods  3  mi.  E  Las  Vigas,  Veracruz.  This  specimen  is  35  mm.  from  snout  to  vent 
with  a  tail  length  of  27  mm.  Maxillary  and  premaxillary  teeth  are  33-35,  vomerine 
teeth  11-13.  The  entire  digits  are  webbed  and  the  toes  are  short  and  widened.  The 
specimen  is  blue-black  above  and  below,  and  unmarked. 

Bufo  valliceps  Wiegmann 


Four  subadults 
Veracruz. 


(Nos.  21791-4)  were  taken  at  night  at  Puente  Nacional, 
Engystomops  pustulosus  (Cope) 


A  single  specimen  (No.  21753)  was  collected  at  Puente  Nacional,  Veracruz. 

Leptodactylus  melanonotus  (Hallowell) 

Three  specimens  (Nos.  21780-2)  are  from  Puente  Nacional,  Veracruz. 

Eleutherodactylus  decoratus  Taylor 

One  large  female  (No.  21758),  48  mm.  from  snout  to  vent,  was  secured  3 
mi.  E  Las  Vigas,  Veracruz.  It  was  found  one  quarter  mile  south  of  the  Jalapa-Puebla 
highway,  under  a  decaying  log  on  a  cleared  slope  grown  over  with  grass  and  strewn 
with  rotting  pine  logs. 

Only  the  type  and  paratype  of  this  species  have  previously  been  recorded.  The 
type  locality  ( Banderia,  6  mi.  W  Jalapa)  is,  however,  but  2-3  miles  from  the 
locality  where  the  present  specimen  was  taken. 

This  species,  like  E.  hidalgoensis  (both  previously  known  only  from  2  speci¬ 
mens),  has  been  regarded  as  a  diminutive  species,  unlike  E.  alfredi  which  has  been 
recorded  to  reach  a  snout-vent  length  of  45  mm.  (Taylor  and  Smith,  1945,  p. 
566).  However,  males  of  the  latter  species  reach  a  known  length  of  only  30.2  mm. 
snout  to  vent.  Inasmuch  as  all  members  of  the  group  of  which  relatively  large  series 
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are  available  are  known  to  possess  considerable  sexual  dimorphism  in  size,  the  large 
size  of  the  present  specimen  need  not  necessarly  preclude  proper  association  with 
E.  decoratus,  since  the  single  known  male  measures  24  mm.  snout  to  vent  (a  length 
matched  by  some  apparently  mature  individuals  of  E.  alfredi) .  Any  doubt  that  re¬ 
mains  is  dispelled  by  the  complete  agreement  of  the  type  and  present  individual, 
even  in  minute  details.  The  dark  supratympanic  spot  or  vitta,  the  tympanic  markings, 
relative  size  of  eye  and  tympanum,  relative  size  of  toe  pads,  finger  pads  and  tym¬ 
panum,  relative  width  of  digits  and  pads,  and  relative  length  of  body  and  hind 
appear  to  be  identical. 

Eleutherodactylus  natator  Taylor 

Three  juveniles  measuring  21  mm.  from  snout  to  vent  (Nos.  21754-6)  are 
from  Xico,  Veracruz. 

Eleutherodactylus  dunni  Barbour 

A  single  specimen  (No.  21757)  is  from  Xico,  Veracruz.  It  is  an  adult  female 
measuring  36  mm.  snout  to  vent.  The  lips  are  rather  clearly  barred,  and  the  canthal 
dark  stripe  is  absent.  The  postscapular  tubercles  are  relatively  closely  placed,  how¬ 
ever,  and  each  is  marked  with  a  black  dot  much  as  in  E.  rhodopis.  The  relatively 
large  size  eliminates  the  possibility  of  identity  with  the  latter  species. 

Smilisca  haudinii  baudinii  (Dumeril  &  Bibron) 

Six  specimens  (Nos.  21783-8)  were  taken  at  Puente  Nacional,  Veracruz.  All 
of  these  were  found  on  the  limbs  and  leaves  of  trees  overhanging  streams. 

Hyla  staufferi  Cope 

Two  specimens  (Nos.  21767-8)  were  secured  at  Puente  Nacional,  Veracruz. 

Hyla  miotympanum  Cope 

Specimens  were  found  in  large  numbers  along  a  fast-moving  stream  at  Xico, 
Veracruz,  where  most  of  the  nineteen  collected  (Nos.  21769-7,  217959-66)  were 
taken  on  large  rocks  at  the  water’s  edge. 

Hyla  darlingi  sp.  nov. 

Type.  Univ.  Ill.  Mus.  Nat.  Hist.  No.  21903,  an  adult  female  from  Xico, 
Veracruz,  collected  by  John  E.  Werler  on  Nov.  12,  1948,  on  a  hillside  from  under 
a  banana  plant  leaf.  The  surrounding  area  consisted  of  mostly  deciduous  hardwoods 
with  scattered  individual  banana  plants.  The  underbrush  was  scanty. 

Diagnosis.  A  medium-sized  Hyla  related  to  Hyla  miotympanum,  but  differing 
from  that  species  in  possessing  a  brown  instead  of  green  color  in  life,  round  instead 
of  transverse  prevomerine  dental  processes,  shorter  hind  legs,  more  speckled  pattern, 
and  a  sharper,  better  defined  canthus  rostralis. 

Description  of  type.  Head  not  especially  flattened,  skin  separate  from  skull; 
skin  finely  corrugated;  interorbital  distance  (4.2  mm.)  slightly  greater  than  width 
of  eyelid  (3.8  mm.);  length  of  orbit  (4.3  mm.)  slightly  greater  than  that  of  snout 
(4.0  mm.);  canthus  rostralis  very  sharp,  directed  within  naris,  not  extending  beyond 
naris;  diameter  of  tympanum  (2.1  mm.)  half  diameter  of  orbit,  concealed  above 
by  a  ridge  extending  from  posterior  corner  of  orbit  downward  to  axilla. 

Choanae  oval;  prevomerine  dental  processes  round,  little  wider  than  distance 
between  processes  or  distance  between  processes  and  choanae;  prevomerine  teeth 
3-4;  tongue  round,  not  or  very  slightly  free  posteriorly;  maxillary  teeth  a  very  light 
brown. 

Body  length  41  mm.;  tibia  20.5  mm.;  heels  overlapping  slightly  (3  mm.); 
heel  reaching  between  eye  and  naris;  width  of  head  (14.8  mm.)  less  than  body 
width  (16  mm.);  ventral  surface  granular;  anal  flap  short,  anus  even  with  upper 
third  of  femora. 

Fingers  one-half  webbed  (webbing  formula  2,  2. 5-1. 5,  2.5-2,  2);  pads  slightly 
wider  than  digits,  subequal  in  size  with  tympanum;  a  postsubantebrachial  ridge, 
strongly  developed  proximally;  subarticular  tubercle  on  outer  finger  broad,  as  though 
two  were  fused  together;  other  subarticular  tubercles  small,  simple;  many  very  small 
tubercles  scattered  over  palmar  surface;  thenar  pad  strongly  developed;  two  rela¬ 
tively  small,  subequal  hypothenar  tubercles;  axillary  web  moderately  developed, 
extending  half  length  of  upper  foreleg;  a  fold  of  skin  at  wrist. 
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Toes  nearly  fully  webbed  (webbing  formula  1,  2-1,  2-1,  2-2,  1)*;  inner  meta¬ 
tarsal  tubercle  small,  oval;  inner  tarsal  fold  extremely  well  developed,  flaplike; 
outer  tarsal  fold  a  poorly  developed  ridge;  subarticular  tubercles  small,  simple,  except 
a  relatively  broad  one  under  fifth  toe;  numerous  supernumerary  tubercles  under  all 
digits  except  first;  numerous  granules  on  surface  of  foot. 

Dorsal  surface  brownish  (in  life  as  well  as  in  preservative),  with  very  numerous, 
fine,  closely  placed  dark  stipples,  concentrated  in  numerous,  small  flecks  scattered 
profusely  over  back  and  limbs;  a  concentration  of  pigment  on  lower  sides  of  abdomen; 
a  similar  concentration  a  short  distance  above  anus,  extending  transversely  onto 
base  of  thighs;  rear  of  thighs  gray,  uniformly  pigmented;  ventral  surfaces  immacu¬ 
late  save  lower  labial  region,  which  is  rather  conspicuously  marbled;  no  evidence 
of  bars  on  limbs. 

Remarks.  It  is  with  considerable  reluctance  that  we  attempt  to  diagnose  a  dis¬ 
tinct  and  new  species  of  frog  on  the  basis  of  a  single  specimen.  We  have,  however, 
compared  this  individual  with  large  series  of  Hyla  miotympanum,  including  females, 
from  eastern  Mexico,  and  regard  the  differences  pointed  out  in  the  diagnosis  com¬ 
pletely  beyond  the  expected  range  of  variation  in  that  species.  Especially  distinctive 
are  the  small  dentigerous  processes  of  the  prevomers  and  the  brown  color  in  life. 

The  present  species  is  much  different  from  the  other,  related  species  in  Veracruz: 
H.  dendroscarta,  with  sparse  pigment  and  flattened  head;  H.  arborescandens,  with 
very  little  finger-webbing  and  a  sharp  canthus;  and  H.  mixomaculata,  with  tympanum 
indistinguishable  and  limbs  barred. 


Rana  palmipes  Spix 

Two  large  specimens  (Nos.  21789-90)  were  taken  at  Puente  Nacional, 
Veracruz. 


Basiliscus  vittatus  Wiegmann 


Five  specimens  (Nos.  21855-7)  were  taken  at  Puente  Nacional,  Veracruz. 
During  the  first  visit  to  Puente  Nacional  in  the  middle  of  November,  1948,  Basiliscus 
vittatus  and  Iguana  i.  rhinolopha  were  abundant  everywhere  in  the  brush  and  trees 
bordering  the  streams,  a  total  of  14  of  the  former  and  16  of  the  latter  having  been 
taken  alive  during  this  visit  and  returned  to  the  Zoological  Park  for  exhibition. 
However,  on  a  second  visit  to  the  area,  during  the  middle  of  January,  1950,  no 
Basiliscus  were  seen,  and  only  two  Iguana ,  one  of  which  was  captured. 


Iguana  iguana  rhinolopha  Wiegmann 


Three  juveniles  (Nos.  21860-2)  were  collected  at  Puente  Nacional,  Veracruz. 
Snout- vent  lengths  are  93,  106,  and  122  mm. 

Ctenosaura  similis  similis  (Gray) 


Two  juveniles  (Nos.  21858-9)  were  collected  at  Puente  Nacional,  Veracruz. 
Their  identity  was  confirmed  by  reference  to  skull  characters.  Both  clearly  possess  a 
smooth  and  ridgeless  mid-parietal  area  as  is  typical  in  this  species.  These  specimens 
confirm  the  existence  of  this  species  in  central  Veracruz,  where  it  has  been  reported 
previously  from  only  two  localities. 

Sceloporus  formosus  formosus  Wiegmann 
A  female  (No.  21900),  secured  1  mi.  NW  Acultzingo,  Veracruz,  in  the  hollow 
of  a  standing  tree,  is  7 6  mm.  from  snout  to  vent  with  33  dorsals  and  15-15  femoral 
pores.  This  specimen,  collected  in  November,  contains  six  embryos  and  an  apparent¬ 
ly  infertile,  much  calcified  egg. 

Sceloporus  spinosus  spinosus  Wiegmann 

A  juvenile  (No.  21878)  collected  at  Acultzingo,  Veracruz,  is  44  mm.  from 
snout  to  vent  with  28  dorsals,  9-11  femoral  pores,  and  4-5  supraoculars. 

Sceloporus  grammicus  microlepidotus  Wiegmann 
Five  adult  specimens  (Nos.  21863-7)  and  a  brood  of  eight  young  (Nos 
21868-75)  born  at  the  Zoological  Park  are  in  the  collection.  The  adults,  collected 
3  mi.  E  Las  Vigas,  Veracruz,  range  from  53-64  mm.  in  snout-vent  length,  71-83  in 
dorsal  scale  counts,  and  13-17  in  femoral  pore  counts  per  side. 


*  Position  of  web  at  union  with  digits  (excluding  flanges  along  digits),  in  order  from  1  to 
5  :  the  web  reaches  the  first  joint  (between  the  first  and  second  phalanx)  of  the  first  digit, 
the  second  joint  on  the  preaxial  and  the  first  joint  on  the  postaxial  side  of  the  second 
digit,  etc. 
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Sceloporus  serrifer  plioporus  Smith 

A  single  male  (No.  21876)  was  found  at  Puente  Nacional,  Veracruz.  This 
specimen  is  61  mm.  from  snout  to  vent  and  has  32  dorsal  scales  and  12-12  femoral 
pores. 

Sceloporus  mucronatus  mucronatus  Cope 

Ten  specimens  are  in  the  collection,  five  (Nos.  21886-90)  from  several  mi.  E 
Las  Vigas,  Veracruz;  and  five  (Nos.  21881-5)  3  mi.  E  Las  Vigas.  Snout-vent  lengths 
range  from  62-114  mm.,  femoral  pores  10-13  per  side,  dorsal  scales  27-29,  collar 
width  3-4  scale  lengths.  All  are  typical  in  pattern,  possessing  an  obscure  mid-dorsal 
row  of  dark  spots  or  a  broad  mid-dorsal  dark  stripe,  chins  dark  or  somewhat  lined 
in  subadults.  The  six  females,  collected  from  November  to  January,  contain  10  to  14 
embryos,  some  of  which  appear  to  have  been  near  birth.  These  well  developed 
embryos  range  from  18  to  20  mm.  from  snout  to  vent  and  the  males  have  com¬ 
pletely  everted  hemipenes. 

Sceloporus  torquatus  torquatus  Wiegmann 

Two  specimens  (No.  21879  from  3  mi.  E  Las  Vigas,  Veracruz,  and  No.  21880 
from  1  mi.  S  Actopan,  Hidalgo)  are  present.  Snout- vent  lengths  are  78  mm.  and 
71  mm.,  dorsal  scales  28  and  29,  femoral  pores  19-20  and  18-18. 

Sceloporus  variabilis  variabilis  Wiegmann 

Nine  specimens  (Nos.  21892-4  from  Xico;  Nos.  21898-9  from  Acultzingo; 
Nos.  21895-7  from  Puente  Nacional,  and  No.  21891  from  3  mi.  E  Las  Vigas, 
Veracruz)  are  in  the  collection.  No  21891  from  the  last  mentioned  locality  has  59 
dorsal  scales  and  thus  may  be  regarded  as  approaching  in  character,  as  it  does  in 
geographic  position,  the  high-altitude  variant  from  Jalpan,  Queretaro,  and  La 
Placita,  Hildago  (Smith,  1939:290),  with  numerous  dorsal  scales.  Variation  in  the 
other  specimens  is  as  follows  for  the  characters  listed:  snout-vent  lengths,  47-72 
mm.;  dorsal  scales,  50-57;  femoral  pores,  12-14  per  side;  width  of  dorsolateral 
light  stripe,  one  scale  width  and  halves  of  adjacent  rows  to  two  and  one-half  scale 
widths. 

Sceloporus  aeneus  bicanthalis  Smith 

One  female  (No.  21877)  and  two  juveniles  (Nos.  21901-2)  were  taken  several 
miles  E  Las  Vigas,  Veracruz,  in  an  area  of  volcanic  rocks.  These  specimens  agree 
well  with  the  original  description  (Smith,  1937:6-8)  with,  respectively,  42,  38,  40 
dorsal  scales,  15-16,  14-15,  15-16  femoral  pores  closely  approximated  medially, 
and  two  canthals.  The  adult  is  uniform  black  dorsally,  without  pattern,  and  has  a 
tibia/head  ratio  of  81%.  This  specimen,  59  mm.  from  snout  to  vent,  slightly  exceeds 
the  maximum  length  hitherto  known. 

Scincella  silvicola  ( Taylor ) 

One  juvenile  (No.  21846)  was  found  crawling  over  rocks  in  a  steep  dry  arroyo 
at  Puente  Nacional,  Veracruz.  This  specimen,  25  mm.  from  snout  to  vent,  has 
30  scale  rows  at  midbody,  one  pair  of  nuchals,  overlapping  limbs  when  adpressed, 
dorsolateral  dark  stripes  obscure  posteriorly  and  not  sharply  edged  medially,  lips 
very  faintly  barred.  The  dorsal  light  area  between  the  lateral  bands  is  six  scales  wide, 
and  there  are  19  lamellae  under  the  fourth  toe.  It  agrees  with  S .  caudaequinae  in 
most  key  characters,  although  as  a  juvenile  the  pattern  agreement  is  to  be  expected; 
it  is  from  very  near  the  type  locality  of  S.  silvicola,  however,  and  accordingly  we 
place  it  with  that  species.  Compared  with  juvenile  S.  caudaequlinae.  the  dorsolateral 
light  stripe  of  this  specimen  is  much  more  prominent  and  the  lips  more  faintly 
barred.  This  is  the  third  locality  recorded  for  the  species,  but  it  adds  little  to  the 
known  range. 

Scincella  gemmingeri  gemmingeri  (Cope) 

Two  specimens  (Nos.  21847-8)  were  collected  3  mi.  E  Las  Vigas,  Veracruz. 
Snout-vent  lengths  are  61  and  62  mm.;  axilla  to  groin,  37  to  40  mm.;  scale  rows 
at  midbody,  27  to  28;  nuchal  scales,  2-3  and  2-2.  Both  specimens  have  a  space 
equivalent  to  16  scale  lengths  between  the  adpressed  limbs.  The  lateral  light  line  is 
visible  on  the  anterior  half  of  the  body  in  one  specimen,  absent  on  the  other. 

Eumeces  lynxe  lynxe  (Wiegmann) 

Two  adults  (Nos.  21852-3)  and  a  juvenile  (No.  21854)  from  5  mi.  S 
Teziutlan,  Puebla,  are  in  the  collection.  The  adults,  a  male  67  mm.  from  snout 
to  vent  and  a  female  70.2  mm.  from  snout  to  vent,  agree  with  Taylor’s  redescription 
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(1935,  pp.  163-173)  with  24  scale  rows  at  midbody,  widely  separated  limbs  when 
adpressed,  one  postmental,  and  four  supraocluars.  Both  are  aberrant  in  coloration, 
lacking  the  anterior  light  stripes  and  the  bifurcating  light  stripe  on  top  of  the 
head.  The  male  is  further  atypical  in  having  the  parietals,  interparietal,  and  fronto- 
parieals  fused  into  a  single  large  plate.  No.  21854,  a  juvenile  24  mm.  from  snout 
to  vent,  is  actually  a  typical  example  of  E.  1.  furcirostris  with  conspicuous  light  stripes 
anteriorly,  the  median  one  of  which  forks  on  the  frontal  plate;  three  supraoculars  per 
side,  and  enlarged  first  superciliaries  in  contact  with  the  prefrontal.  Inasmuch  as 
the  two  adults  from  the  same  locality  appear  to  be  typical  E.  1.  lynxe  and  other  collec¬ 
tions  from  this  part  of  Puebla  contain  specimens  with  both  three  and  four  suprao¬ 
culars,  these  specimens  are  regarded  as  intergrades  between  E.  1.  lynxe  and  the 
following  subspecies. 

Eumeces  lynxe  furcirostris  Cope 

Three  specimens  (Nos.  21849-51)  born  at  the  Zoo  from  a  female  collected 
3  mi.  E  Las  Vigas,  Veracruz,  are  referred  to  this  subspecies.  These  specimens  have 
the  typical  light  longitudinal  stripes  with  the  median  one  forking  on  the  frontal, 
three  supraoculars  per  side,  and  an  enlarged  first  superciliary  in  contact  with  the 
prefrontal.  None  of  these  resembles  E.  1.  lynxe  although  both  subspecies  are  reported 
from  this  part  of  Veracruz  (Smith  and  Taylor,  1950,  p.  163).  The  distinctness  of  the 
above  specimens  and  the  fact  that  a  similar  one  is  present  in  a  collection  of  E.  1. 
lynxe  from  near  Teziutlan,  Puebla,  suggest  the  desirability  of  review  of  the  status 
of  E.  1.  furcirostris.  It  is  of  interest  that  specimens  of  both  subspecies  invariably 
were  found  within  rotting  logs  in  pine  woods  above  6000  feet  elevation. 

Ameiva  undulata  amphigramma  Smith  and  Laufe 

A  single  large  male  (No.  21839)  was  collected  at  Puente  Nacional,  Veracruz. 
This  specimen,  95  mm.  from  snout  to  vent,  is  typical  with  four  regular,  abruptly 
enlarged  gulars;  faintly  discernible  dark  markings  dorsally;  and  continuous,  broad 
upper  lateral  light  stripes.  The  ground  color  is  almost  black.  Below  the  lateral  line 
on  each  side  is  a  row  of  ten  light  vertical  bars. 

Cnemidophorus  guttatus  guttatus  Wiegmann 

Three  specimens  (Nos.  21843-5)  from  Puente  Nacional,  Veracruz,  are  in  the 
lot.  All  are  typical,  possessing  3-3  supraoculars,  3-3  parietals,  slightly  expanded  gulars, 
black  ground  color  with  numerous  obscure  light  spots  dorsally.  Nos.  21843-4  are 
juveniles,  48.6  mm.  and  46  mm.  from  snout  to  vent,  with  ten  scale  rows  between 
the  ventral  scutes  and  anus,  and  22-20  and  21-20  femoral  pores.  No.  21845,  85.5 
mm.  from  snout  to  vent,  has  eight  scale  rows  between  the  midventral  scutes  and  anus 
and  21-21  femoral  pores.  All  three  are  dark  ventrally  with  light  areas  on  the  under 
surfaces  of  the  legs,  lower  surface  of  the  proximal  portion  of  the  tail,  and  a  light 
inverted  V  mark  on  the  secondary  infralabials.  A  light  spot  is  present  on  the  anterior 
edge  of  the  tympanum,  on  the  lower  edge  of  the  eye,  and  just  behind  the  eye  in  all 
three  specimens. 

Abronia  taeniata  graminea  (Cope) 

Three  adults  (Nos.  21835-7),  109  to  115  mm.  from  snout  to  vent,  from  3 
mi.  E  Las  Vigas,  and  a  juvenile  (No.  21838)  from  the  mountain  crest  west  of 
Acultzingo,  Veracruz,  were  obtained.  All  four  specimens  have  a  minimum  of  four 
nuchal  scales,  25-27  dorsal  scale  rows,  dorsal  osteoderms  present  posteriorly,  blue- 
gray  venter  and  conspicuously  lighter  chins.  The  three  adults  are  dark  blue  black 
above  and  unmarked.  The  juvenile  is  blue-gray  with  eight  dark  brown  transverse 
bands  on  the  body  and  24  tail  rings;  the  body  rhombs  are  constricted  to  a  width 
of  less  than  a  scale  length  in  the  dorsolateral  areas  and  broadened  to  a  maximum 
of  two  scale  lengths  mid-dorsally  and  laterally. 

Intergrades  between  A.  t.  taeniata  and  A.  t.  graminea  are  recorded  from  La  Joya, 
Veracruz.  Despite  the  proximity  of  that  locality  and  the  area  3  miles  east  of  Las 
Vigas,  the  latter  specimens  show  no  evidence  whatsoever  of  intergradation. 

Leptotyphlops  phenops  phenops  (Cope) 

One  specimen  (No.  21826)  was  obtained  at  Puente  Nacional,  Veracruz,  as 
it  crawled  over  sand  in  the  bottom  of  a  man-made  pit.  This  specimen,  105  mm.  in 
total  length,  has  eight  longitudinal  light  lines  dorsally,  14  scale  rows,  and  236  dorsal 
scales.  The  extreme  tip  of  the  tail  and  ventral  surface  for  10  scale  lengths  cephalad 
from  the  tip  are  white  and  in  sharp  contrast  to  the  light  brown  of  the  remaining 
ventral  scales. 
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Coniophanes  imperialis  clavatus  (Peters) 

One  specimen  (No.  21828)  was  collected  2  mi.  N  Salinas,  Veracruz,  on  the 
Veracruz-Alvarado  road.  It  was  found  under  a  pile  of  damp  decaying  vegetation  in  a 
dry  stream  bed.  This  specimen  is  typical,  with  19-19-15  scale  rows,  122  ventrals,  55+ 
subcaudals,  1-1  preoculars,  2-2  postoculars,  8-8  supra-  and  infralabials,  a  continuous 
mid-dorsal  dark  stripe  slightly  wider  than  a  scale  anteriorly  and  half  a  scale  in  width 
posteriorly. 

Dryadophis  melanolomus  veraecrucis  Stuart 

One  male  (No.  21825)  was  taken  DOR  several  miles  southwest  of  Tihuatlan, 
Veracruz.  This  specimen  has  17-15-15  scale  rows,  174  ventrals,  107  subcaudals,  1-1 
preoculars,  2-2  postoculars,  9-9  supralabials,  10-10  infralabials,  a  total  length  of 
949  mm.,  and  a  tail  length  of  296  mm.  The  stomach  contains  a  partially  digested 
Sceloporus  v.  variabilis. 

Picimia  olivacea  Gray 

One  specimen  (No.  21829)  was  taken  at  Puente  Nacional,  Veracruz.  This 
individual,  251  mm.  in  total  length  with  a  tail  length  of  45  mm.,  has  17-17-17 
scale  rows,  150  ventrals,  33  subcaudals,  1-1  postoculars,  and  lacks  internasal  scales. 
No  dorsal  pattern  is  discernible. 

The  relatively  small  eye  of  this  species  precludes  the  subspecific  arrangement 
of  this  and  F.  streckeri  (as  proposed  by  Smith  1944:139),  as  pointed  out  by 
Taylor  (1949:  192),  despite  convergent  trends  in  most  other  distinguishing  features 
(see  Shannon  and  Smith  1950:  502). 

Lampropeltis  doliata  arcifera  (Werner) 

A  fine  specimen  (No.  21823)  of  this  subspecies  was  collected  at  Acultzingo, 
Veracruz,  as  it  crawled  in  a  dry  arroyo  in  semi-arid  country.  It  is  a  male  1032  mm. 
in  total  length  with  a  tail  length  of  166+  mm.,  and  has  21-23-17  scale  rows,  229 
ventrals,  56+  subcaudals,  1-1  preoculars,  1-2  postoculars,  7-7  supralabials,  9-9 
infralabials,  21  triads  on  the  body  and  six  red  rings  on  the  tail.  The  white  ring 
on  the  snout  is  incomplete  dorsally  and  only  14  of  the  21  red  body  bands  are 
narrower  than  the  adjacent  black  bands  ( Fig.  1 ) . 

Lampropeltis  doliata  polyzona  Cope 

A  large  specimen  (No.  21824)  was  found  DOR  at  Puente  Nacional,  Veracruz. 
It  was  so  flattened  that  only  the  anterior  fourth  of  the  body  could  be  saved.  The 
pattern,  however,  permits  positive  identification. 

Leptodeira  maculata  ( Hallowed ) 

One  male  (No.  21827)  found  under  a  large  timber  at  the  edge  of  a  stream 
at  Puente  Nacional,  Veracruz,  has  a  total  length  of  167  mm.,  a  tail  length  of  39 
mm.,  29  blotches  on  the  body,  11  on  the  tail.  Scutellation  data  are:  scale  rows, 
21-23-17;  ventrals,  167;  subcaudals,  63;  preoculars,  1-2;  postoculars,  2-2;  supra¬ 
labials,  8-8;  and  infralabials,  10-10. 

Pituophis  deppei  deppei  (Dumeril)  x  P.  d.  lineaticollis  (Cope) 

One  specimen  (No.  21834),  a  male  1881  mm.  in  total  length  with  a  tail 
length  of  217  mm.,  was  collected  1  mi.  NW  Acultzingo,  Veracruz,  where  it  was 
found  coiled  under  a  pile  of  small  stones  at  the  edge  of  a  plowed  field.  There  are 
30-29-22  scale  rows,  240  ventrals,  70  subcaudals,  1-1  preoculars,  2-2  postoculars, 
8-8  supralabials,  11-11  infralabials,  29  body  blotches,  and  10  tail  rings.  This  speci¬ 
men  is  of  special  interest  since  it  was  obtained  near  a  locality  where  a  more  or 
less  typical  P.  d.  lineaticollis  has  been  taken  (Smith,  1943:460).  It  resembles  P.  d. 
deppei  in  possessing  dark  streaks  along  the  center  of  each  light  dorsal  scale  on  anterior 
part  of  body,  and  in  lacking  the  characteristic  neck  stripes  and  light-centered  blotches 
anteriorly  and  posteriorly  of  P.  d.  lineaticollis .  It  agrees  with  the  latter,  however, 
in  possessing  fewer  dorsal  blotches  and  more  numerous  ventrals  than  P.  d  deppei 
(30-44,  211-235  respectively).  The  specimen  accordingly  confirms  the  existence  of 
intergradation  in  the  Acultzingo  area  between  P.  d.  deppei  and  P.  d.  lineaticollis . 
For  convenience  of  reference  the  specimen  may  if  desired  be  placed  with  P.  d.  deppei, 
which  it  resembles  most  closely. 

Pituophis  catsnifer  sayi  (Schlegel) 

The  head  of  an  extremely  large  specimen  (No.  21904)  taken  DOR  3  mi.  S 
Los  Angeles,  Tamaulipas,  is  in  the  collection.  The  dorsal  neck  blotches  and  head  spots 
are  brown,  and  the  black  labial  mottling  characteristic  of  P.  c.  sayi  is  reduced  to  a 
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series  of  interlabial  brown  lines.  This  dimness  of  head  and  neck  pattern  suggests 
P.  c.  affinis,  but  the  long  rostral  plate  and  locality  preclude  this  possibility  of  mis- 
identification. 

Pliocercus  elapoides  celatus  Smith 

A  mature  but  battered  male  (No.  21830)  was  found  DOR  2  mi.  S  Tihuatlan, 
Veracruz.  Scutellation  data  are  as  follows:  scale  rows,  17-17-17;  ventrals,  125; 
subcaudals,  100;  supralabials,  8-8;  infralabials,  9-9;  preoculars,  2-2;  postoculars, 

2- 2;  temporals  on  both  sides,  1-1-3-  There  are  12  black  bands  on  the  body  and 
nine  on  the  tail,  all  of  which  are  complete  except  the  nuchal.  The  black  body  bands 
are  4-8  (usually  five)  scale  lengths  lon^  mid-dorsally  and  3-4  ventrals  long  on  the 
venter.  The  nuchal  collar  is  eight  scales  long  mid-dorsally.  This  specimen  is  at 
variance  with  the  original  description  (Smith,  1943,  pp.  344-345)  in  the  complete 
absence  of  triads,  although  some  secondary  black  rings  are  absent  and  all  others 
very  narrow  in  the  type.  Each  detail  noted  in  the  original  description  has  been 
compared  with  the  present  specimen;  except  for  the  complete  absence  of  outer  rings  of 
black  in  the  latter,  the  features  are  either  identical  in  the  two  specimens,  or  involve 
slight  variations  which  are  probably  insignificant.  The  variants  are  as  follows:  the 
frontal  is  slightly  shorter  than  its  distance  from  the  rear  edge  of  the  parietals  rather 
than  the  reverse  condition  as  seen  in  the  type;  the  posterior  edges  of  the  frontal  form 
a  right  angle  rather  than  an  acute  angle;  and  the  portion  of  the  rostral  visible  from 
above  is  slightly  less  than  the  prefrontal  suture  rather  than  being  equal  as  in  the  type. 

The  present  record  is  the  second  of  this  subspecies  and  the  first  of  its  occurrence 
in  Veracruz.  This  race  was,  however,  to  be  expected  in  northern  Veracruz,  as  stated 
in  the  type  description. 

Thamnophis  chrysocephalus  (Cope) 

A  single  female  (No.  21821)  taken  3  mi.  E  Las  Vigas,  Veracruz,  has  17-17-16 
scale  rows,  147  ventrals,  65  subcaudals,  1-1  preoculars,  3-3  postoculars,  7-7  supra¬ 
labials,  10-10  infralabials,  a  total  length  of  300  mm.  and  tail  length  of  70  mm.  A 
very  dim,  narrow  median  light  stripe  is  present  on  posterior  part  of  body,  and  the 
occipital  and  postoccipital  area  (4-5  scale  lengths)  is  black  followed  by  a  gray  neck 
ring  two  scale  lengths  in  width.  The  paravertebral  and  lateral  dark  spots  are  coalesced 
on  the  anterior  part  of  the  body,  forming  an  indistinct  pair  of  longitudinal  zig-zag 
dark  stripes.  The  venter  is  blue  black  except  medially. 

This  specimen  provides  the  first  evidence  of  the  occurrence  of  the  species 
sympatrically  with  T.  phenax,  which  has  been  recorded  nearby,  at  Tequeyutepec. 

Thamnophis  sauritus  chalceus  (Cope) 

This  species  is  represented  by  one  specimen  (No.  21822)  found  DOR  4  mi.  W 
Puente  Nacional,  Veracruz.  This  specimen,  a  male,  has  19  scale  rows  at  midbody, 
154  ventrals,  75+  subcaudals,  8-8  supralabials,  10-10  infralabials,  1-1  preoculars, 

3- 4  postoculars,  an  overall  length  of  612  mm.  and  a  tail  length  of  166  mm. 

Toluca  lineata  lineata  Kennicott  x  T.  1.  wetmorei  Smith 

Three  specimens  (Nos.  21831-3)  were  found  3  mi.  E  Las  Vigas,  Veracruz, 
beneath  the  bark  of  dry  tree  stumps  at  the  edge  of  a  clearing  in  pine  woods.  Two 
have  17  scale  rows,  one  has  a  formula  of  17-17-15;  ventrals  are  respectively,  121, 
male,  128  female,  129  female;  subcaudals  41,  33,  28;  supralabials  7-7  in  all; 
infralabials  6-7,  7-7,  6-6;  preoculars,  1-1;  postoculars,  2-2,  2-2,  1-1;  and  temporals 
1-2.  The  single  male  lacks  a  loreal,  which  is  greatly  reduced  in  the  two  females. 
These  specimens  undoubtedly  belong  to  the  intergrading  populations  of  T.  1.  lineata 
and  T.  1.  wetmorei  previously  recorded  from  this  area  (Smith,  1943:492),  since 
half  the  infralabial  counts  are  of  one  race,  half  of  the  other,  and  one  individual  has 
counts  of  both. 

In  spite  of  the  absence  of  records  at  the  present  time  of  typical  T.  1.  lineata  in 
Veracruz,  inclusion  of  the  race  in  the  list  of  forms  known  in  the  state  on  the  basis 
of  intergradient  populations  that  are  recorded,  is  not  unreasonable.  The  subspecies 
was  not  listed  for  Veracruz  by  Smith  and  Taylor  (1945,  p.  215). 
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NOTES 

The  first  whalemarking  to  be  done  anywhere  after  the  war,  and  the 
first  in  Australian  waters,  was  carried  out  from  the  C.S.I.R.O.  Fisheries 
Research  Vessel  "Wareen”  when  in  July  and  August,  1949,  she  was  north¬ 
bound  to  take  part  in  a  combined  tuna  survey  of  the  northern  Australian 
waters.  The  whales  marked  between  Carnarvon  and  Pt.  Cloates  off  the  West 
Australian  coast  constituted  the  largest  group  marked  outside  the  Antarctic 
fields  up  to  that  time:  comparatively  few  had  been  marked  hitherto  in  the 
warmer  waters  of  the  ocean. 

In  this  work  the  Division  of  Fisheries  is  following  up  experiments  which 
were  commenced  between  the  years  1934  and  1937,  when  the  Royal  Research 
Ship  "William  Scoresby”,  one  of  the  vessels  of  the  Discovery  Investigations, 
marked  large  numbers  of  whales  on  the  whaling  grounds  of  the  Antarctic. 
Included  amongst  these  were  a  number  of  Humpback  whales  which  inhabit 
that  part  of  the  Antarctic  Ocean  lying  south  west  of  Western  Australia. 
In  193  6,  1937  and  193  8,  some  of  these  marked  whales  were  taken  during 
the  whaling  operations  which  were  then  being  carried  out  off  the  North 
West  Cape,  after  periods  varying  from  six  months  to  two  and  a  half  years. 

Just  recently,  another  of  these  marks,  probably  fired  into  the  whale  in 
January  1936,  was  found  at  the  Carnarvon  station  of  the  Australian  Whal¬ 
ing  Commission.  Although  the  mark  was  actually  found  in  the  digestors 
after  the  whale  had  been  processed  the  C.S.I.R.O.  officer  studying  whales 
considers  that  it  was  carried  by  an  aged  female  Humpback;  it  was  one  of  the 
five  hundred  whales  which  he  had  closely  examined  that  season. 

At  the  very  end  of  the  season  which  had  just  closed,  one  of  the  marks 
fired  by  "Wareen”  in  1949  was  found  in  a  whale  at  the  Pt.  Cloates  Whaling 
Station  of  the  Nor-West  Whaling  Company.  It  was  thus  recovered  a  little 
over  two  years  after  being  fired  and  within  three  miles  of  the  position  of 
marking.  Undoubtedly  the  whale  had,  in  the  intervening  period,  visited  the 
Antarctic  feeding  grounds  with  the  rest  of  the  West  Australian  hump-back 
stock. 
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THE  VAPOR  PRESSURES,  DENSITIES  AND  HEATS  OF 
VAPORIZATION  OF  2,4,4-TRIMETHYL-l-PENTENE 
AND  4-VINYL-l-CYCLOHEXENE 

PHILIP  K.  YORK  AND  W.  A.  FELSING 
The  Department  of  Chemistry 

INTRODUCTION 

The  determination  of  thermodynamic  properties  of  hydrocarbons  has 
been  a  part  of  the  research  program  of  this  laboratory.  Numerous  papers 
(Day  and  Felsing,  1950)  on  the  properties  of  saturated  hydrocarbons  have 
resulted  and,  recently,  two  papers  (  (a)  Day,  Nicholson,  and  Felsing  1948; 
(b)  Day  and  Felsing,  1951)  dealing  with  an  unsaturated  hydrocarbon, 
pentene-1,  initiated  a  series  of  investigations  into  the  vapor  pressures  and 
compressibilities  of  unsaturated  hydrocarbons  of  various  types  and  complex¬ 
ity.  This  present  paper  deals  with  the  vapor  pressures  of  two  unsaturated 
hydrocarbons  at  pressures  too  low  to  be  measured  on  the  Laboratory’s  dead¬ 
weight  piston  gage  (Kelso  and  Felsing,  1940);  vapor  pressures  at  higher 
temperatures  and  the  compressibility  data  will  be  reported  later.  Densities  as 
a  function  of  the  temperature  were  also  determined.  These  experimntal 
dterminations  covered  approximately  the  temperature  range  0°  -  130°  C. 

PREVIOUS  INVESTIGATIONS 

2  AA-Trimethyl-1  -pentene.  Values  in  the  literature  for  the  normal  boil¬ 
ing  point  vary  considerably,  which  variation  is  probably  due  to  differences 
in  the  purity  of  the  olefin  sample.  Doss  (Doss,  1942)  selected  101-2°  from 
the  data  of  several  investigations,  while  Egloff  (Egloff,  1947)  centered  on 
101.5°.  The  vapor  pressure  data  of  this  investigation  yields  a  value  of 
100.81°  for  the  normal  boiling  point.  Doss  and  Egloff  list  the  liquid  density 
as  0.7167  and  0.7164  gms./cc.  at  20°.  Our  datum  for  this  temperature  is 
0.71598  gms./mn. 

4-Vinyl- 1  -Cyclohexene.  Both  Doss  and  Egloff  have  chosen  129.5  - 
130.5°  as  the  probable  normal  boiling  point  range.  Streiff  (Streiff,  1950) 
cites  a  boiling  point  of  127.29°  at  725  mm.  (estimated  from  his  graph). 
Using  a  calculated  value  of  7700  cals./ mole  for  the  heat  of  vaporization 
near  the  boiling  point,  a  value  of  18.17  mm. /deg.  for  dp/dt,  when  applied 
to  Streiff’s  data,  yields  a  normal  boiling  point  of  129.29°  C.  for  this  par¬ 
ticular  sample  of  99.91  db  estimated  purity.  The  vapor  pressure  data  of  our 
investigation  leads  to  129.47°  for  a  sample  stated  by  the  producers,  the 
Phillips  Petroleum  Company,  to  be  99.40  d=  0.1Q  mole  percent  pure  and  as 
determined  by  the  National  Bureau  of  Standards  by  freezing  point  measure¬ 
ments  on  a  representative  sample  of  this  lot.  Doss  cites  0.8320  and  Egloff 
0.8310  and  0.8320  gms./ml.  as  the  density  at  20°;  our  investigation  leads 
to  a  value  of  0.83 170  gms./ml. 

METHODS  AND  APPARATUS 

The  vapor  pressures  were  determined  by  the  static  method  and  the 
apparatus  was  essentially  that  employed  by  Felsing  and  Thomas  (Felsing 
and  Thomas,  1929).  The  loading  device  employed  by  Felsing  and  Durban 
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(Felsing  and  Durban,  1926)  was  used  to  introduce  the  air-free  olefins  into 
the  piezometer  at  about  -50°.  Each  olefin  was  distilled  thrice  under  its  own 
vapor  pressure  at  low  temperatures;  a  residue  of  approximately  5  cc.  was 
left  behind  after  each  distillation.  Mercury  levels  were  read  with  cathetom- 
eter  (zbO.OS  mm)  and  the  temperatures  were  controlled  to  ±0.05°.  The 
overall  precision  of  these  measurements  was  0.3%.  The  densities  of  the  olefin 
under  its  own  vapor  pressure  were  measured  in  a  pycnometer  described  by 
Keyes  and  Felsing  (Keyes  and  Felsing,  1919). 

MATERIALS  USED 

Both  olefins  were  obtained  from  the  Phillips  Petroleum  Company.  The 
stated  purity  of  the  2 ,4,4- trimethyl-l-pentene  was  99.11  mole  percent;  the 
most  probable  impurity  in  the  sample  was  the  high  boiling  isomer,  2,4,4- 
trimethyl-2-pentene.  The  stated  purity  of  the  4-vinyl- 1 -hexene  was  99.40 
±  0.10  mole  percent;  the  most  probable  impurities  are  1 -vinyl- 1 -hexene  and 
cyclo-oc  tadiene- 1.5. 

THE  DATA  OBTAINED 

The  data  on  vapor  pressures  can  best  be  given  in  equation  form  for 
the  temperature  range  of  0  -  130°: 

2,  4,  4-Trimethyl-l  -pentene 

log10  p  (mm)  =  -1696.395  +  7.783  52  -  98.01  5  X  10“5T 

T  " 

4-Vinyl- 1  -Cyclohexene: 

Logiop(mm.)  =  1774.546  +  7.74473  -  1 13.10  X  10'5T 

t“ 

The  densities  of  the  liquids  under  their  own  vapor  pressures  can  also 
be  expressed  as  functions  of  the  temperature  for  the  range,  approximately, 
0-100°. 

2, 4, 4-Trimethyl-l -pentene:  d(gms./cc.)  =  0.73322  -  0.000086207t 

4-Vinyl- 1  -Cyclohexene:  d(gms./cc.)  =  0.84893  -  0.00086149t 
These  equations  are  based  upon  observations  at  12  different  temperatures  for 
each  liquid;  temperatures  are  in  degrees  Centigrade. 

CALCULATED  HEATS  OF  VAPORIZATION 

Heats  of  vaporization  were  calculated  by  means  of  the  Clausius- 
Clapeyron  equation,  using  the  vapor  pressure  equations.  These  calculated 
values  are  presented  in  the  following  table. 

MOLAR  HEATS  OF  VAPORIZATION 
Temperature  Heat  of  Vaporization,  A H 


(0°C) 

2,4,4-T  rime  thy  l-l  -Pentene 

4-Vinyl- 1  - Cyclohexene 

0 

7427  cals. /mole 

7926 

25 

7363 

7890 

50 

7293 

7850 

75 

7218 

7805 

100 

7137 

7760 

100.81 

7134 

125. 

7710 

129.47 

7700 
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Les  Inventeurs  celebres.  Edited  by  Louis  Leprince-Ringuet.  Paris.  Editions  d’Art  Lucien 

Mazenod  (33,  rue  de  Naples). 

The  present  volume,  superbly  produced  and  carefully  edited  by  the 
distinguished  French  physicist,  M.  L.  Leprince-Ringuet,  and  a  most  valuable 
addition  to  the  series  "La  galerie  des  hommes  celebres,55  is  limited  to  physics 
and  its  applications  and  consists  of  about  100  profiles  of  scientists  and  ac¬ 
counts  of  their  inventions  from  the  ancient  Greeks  to  the  present  day.  The 
inventions  range  from  the  inspiration  of  the  unknown  genius  who  introduced 
the  wheel  into  the  life  of  our  early  ancestors  to  radar  and  jet  propulsion, 
and  from  Euclid’s  geometry  to  quantum-electrodynamics.  The  essays  are 
written  by  well  known  scientists  of  all  countries,  and  the  events  in  the  history 
and  development  of  the  great  inventions  are  excellently  dealt  with  in  several 
introductory  chapters. 

M.  Leprince-Ringuet  has  successfully  solved  the  difficulty  of  making 
an  impartial  selection  of  profiles.  The  book  as  it  stands  could  be  translated 
into  any  language  without  hurting  anybody’s  feelings  or  national  pride.  A 
section  at  the  end  of  the  book  is  headed  "A  I’aube  de  l’invention  collective.” 
More  and  more  inventions  and  developments  are  the  result  of  collaboration. 
If  one  compares  the  first  model  of  a  cyclotron  developed  by  E.  O.  Lawrence 
in  1930  with  one  of  the  big  modern  cyclo-synchro-betatrons,  weighing  as 
much  as  a  light  cruiser,  one  realizes  that  a  world  lies  between  the  work 
of  the  pioneer  and  that  of  the  present  day  which  can  be  done  only  by  dozens 
or  hundreds  of  brains.  So  it  becomes  increasingly  difficult  to  speak  of  indi¬ 
vidual  inventors,  and  credit  has  nowadays  to  be  given  frequently  to  groups 
of  scientists. 

It  would  be  unfair  to  seek  omissions.  The  greatness  of  an  inventor  can¬ 
not  be  measured  in  absolute  units  as  physical  constants  can,  and  the  choice 
must  always  be  left  to  the  editor  of  such  a  "galery.”  There  is  no  doubt 
that  M.  Leprince-Ringuet  has  chosen  his  inventeurs  celebres  with  great  tact. 
Of  special  value  is  a  70 -page  classified  bibliography  of  some  1,600  men  of 
science  and  inyentors  mentioned  in  this  book. 
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NOTES  ON  CALLINECTES  DANAE  SMITH  IN  ARANSAS 
BAY,  TEXAS,  AND  ADJACENT  WATERS 

F.  M.  DAUGHERTY,  JR. 

Marine  Laboratory 
Texas  Game  and  Fish  Commission 

INTRODUCTION 

Callinectes  danae  Smith,  known  locally  as  the  gulf  crab,  is  closely  re¬ 
lated  to  the  edible  blue  crab,  Callinectes  sapidus  Rathbun.  This  crab  is  too 
small  to  be  of  commercial  value.  For  example,  mature  females  average 
only  70  mm.  in  carapace  width  in  comparison  to  1  5  5  mm.  for  mature  blue 
crab  females. 

Rathbun  (1930)  reports  the  range  of  C.  danae  as  Indian  River  Inlet, 
Florida,  to  the  State  of  Santa  Catharina,  Brazil  and  lists  only  one  specimen 
from  Texas.  Gunter  (1950)  presents  brief  notes  on  the  size  range,  tem¬ 
perature  and  salinity  tolerances,  and  occurrence  trends  in  the  same  area 
covered  by  this  paper.  In  general  the  findings  of  Gunter  conform  to  those 
of  this  writer,  with  the  exceptions  of  winter  occurrence  and  temperature 
and  salinity  tolerances.  Gunter’s  temperature  range  was  from  15.4  to  30.7°C, 
whereas  that  of  this  writer  was  11.7  to  30.0°C.  Gunter  did  not  find  crabs 
during  the  winter.  However,  they  were  collected  by  this  writer  during  all 
winter  months  except  January.  Recent  sampling  has  shown  them  to  be 
present  in  the  bays  during  January,  but  no  exact  data  are  available.  Salinity 
differences  can  be  accounted  for  in  light  of  recent  (during  the  last  four 
years)  increases  in  salinity  of  the  bays. 

Material  for  these  notes  was  compiled  from  February  to  December, 
19  50,  in  connection  with  the  blue  crab  investigation  of  the  Texas  Game 
and  Fish  Commission.  Crabs  were  collected  by  means  of  shrimp  trawls,  crab 
pots,  and  large  fish  traps  in  Cedar  Bayou.  No  special  effort  was  made  to 
collect  C.  danae  and  many  were  not  measured,  but  only  observed  casually. 

GENERAL  DATA 

In  11  months,  1,034  C.  danae  ranging  from  three  to  114  mm.  carapace 
width  were  examined.  Sex  was  not  determined  on  66  crabs  from  three  to 
nine  millimeters.  Crabs  were  found  in  temperatures  of  11.7  to  30.0°C.  and 
salinities  of  23.7  to  36.9%  (Table  I).  Carapace  width  of  mature  females 
ranged  from  51  to  91  mm.,  with  a  mean  of  70  mm.  for  208  specimens.  No 
attempt  was  made  to  determine  a  mean  carapace  width  for  mature  males. 
Only  54  of  the  crabs  examined  were  collected  in  the  Gulf  of  Mexico 
(Table  I) . 


OCCURRENCE 

Callinectes  danae  is  apparently  most  common  in  bay  waters  in  April 
and  October,  with  a  small  population  present  during  the  balance  of  the 
time  (Fig.  I).  The  April  peak  consisted  of  a  predominantly  male  popula¬ 
tion,  68.6%.  Only  eight  out  of  200  females  examined  were  mature.  It  is 
evident  that  this  large  scale  migration  into  the  bays  is  for  breeding  pur- 

*  Present  address  :  Suitland,  Maryland,  Division  of  Oceanography,  U.  S.  Navy  Hydrographic 
Office 
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TABLE  I 


General  sampling  data  for  Callinectes  danae  Smith,  February  to  December,  1950. 


Number 

Size  Range 

Temperature 

Salinity 

Crabs 

Carapace  width 

Range  °C 

Range  Coo 

6  $ 

530 

10-114  mm. 

11.7-28.6 

23.7-35.4 

$  $  mature 

216 

51-91  mm. 

16.3-30.0 

23.7-36.9 

$  $  ovigerous 

30 

60-80  mm. 

22.2-24.2 

32.5-35.4 

$  $  immature 

222 

10-81  mm. 

11.7-28.6 

23.7-35.3 

$  $  ( total 

438 

10-91  mm. 

11.7-30.0 

23.7-35.3 

Sex  not  determined 

66 

3-9  mm. 

23.7-27 .6 

25.4-26.2 

Total  measured  and 
sex  determined 

968 

10-114  mm. 

11.7-30.0 

23.7-36.9 

Total  measured 

1034 

3-114  mm. 

11.7-30.0 

23.7-36.9 

Total  from  gulf 

54 

39-98  mm. 

19.3-24.0 

33.9-36.4 

Total  from  Cedar  Bayou 

236 

3-114  mm. 

16  3-30.0 

23.7-36.9 

Total  from  bays 

744 

25-112  mm. 

11.7-29.3 

23.7-35.3 
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poses.  Many  of  the  males  were  of  mature  size  and  many  of  the  immature 
females  were  in  their  instar  prior  to  the  final  molt.  One  of  the  mature  fe¬ 
males  was  soft  and  the  others  showed  evidence  of  recent  shedding. 

In  October,  another  peak  population  was  found  in  the  bays.  This 
migration  was  evidently  for  breeding  and  formation  of  egg  masses  (extru¬ 
sion)  and  consisted  for  the  most  part  of  mature  females.  A  similar  occur¬ 
rence  was  noted  in  October,  1949,  when  both  mature  and  ovigerous  females 
were  collected  in  the  south  part  of  Aransas  Bay.  In  September,  1950,  mature 
females  were  caught  in  Cedar  Bayou,  in  passage  from  the  gulf  to  the  bays. 
In  November,  1950,  both  mature  and  ovigerous  females  were  collected  in 
Cedar  Bayou  in  a  gulf  ward  migration.  November  and  December,  1950, 
sampling  revealed  no  mature  females  in  the  bays.  However,  large  numbers 
of  mature  as  well  as  ovigerous  females  were  found  in  the  gulf  during  these 
months. 

Samples  were  taken  with  a  shrimp  trawl  along  a  line  running  southeast 
of  Aransas  Pass,  from  a  depth  of  10  to  78  fathoms.  Both  mature  and  oviger¬ 
ous  females  were  found  in  depths  of  15  to  40  fathoms.  A  few  crabs  were 
picked  at  random  from  each  haul.  The  54  specimens  reported  from  the 
gulf  (Table  I)  do  not  in  any  way  indicate  the  abundance,  for  some  drags 
produced  several  hundred  crabs  in  3  0  minutes. 

BREEDING,  SPAWNING,  AND  HATCHING 

It  is  apparent  that  the  breeding  season  of  C.  danae  is  confined  to  two 
periods  of  the  year  and  that  it  takes  place  in  the  bays.  The  first  occurs  in 
April  with  possible  minor  incidence  in  March  and  May.  The  second  period 
comes  in  October  and  may  extend  into  early  November. 

Present  knowledge  confines  spawning  and  hatching  to  October,  No¬ 
vember,  and  December.  There  is  a  possibility  of  continuation  through  Janu¬ 
ary  and  February;  however,  this  must  be  confirmed.  Egg  mass  formation 
takes  place  to  a  small  degree  in  the  bays,  as  evidenced  by  the  occurrence  of 
ovigerous  females  in  the  bays  and  Cedar  Bayou.  The  presence  of  large  num¬ 
bers  of  ovigerous  females  in  gulf  waters  of  15  to  40  fathoms  indicates  a 
spawning  and  hatching  of  great  magnitude  in  off-shore  waters.  It  is  perti¬ 
nent  to  note  that  when  extrusion  of  egg  masses  occurs  in  the  bays,  the 
salinities  are  comparable  to  those  of  the  gulf  (Table  I) . 

ACKNOWLEDGMENTS 

The  writer  is  greatly  indebted  to  Ernest  J.  Simmons  for  data  on  Cedar 
Bayou  and  E.  D.  McRae  for  material  on  occurrence  in  the  Gulf  of  Mexico. 

SUMMARY 

1.  From  February  to  December,  1950,  a  total  of  1,034  Callinectes  danae 
Smith  were  examined. 

2.  Crabs  ranged  from  three  to  114  mm.  carapace  width. 

3.  Crabs  were  found  in  temperatures  of  11.7  to  30.0°C.  and  salinities  of 
23.7  to  36.9%>o 

4.  Breeding  occurs  in  the  bays  during  two  periods  of  the  year.  The  first  is 
in  April  with  small  incidence  in  March  and  May.  The  second  is  in  Oc¬ 
tober  and  early  November. 
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5.  Some  spawning  and  hatching  takes  place  in  the  bays,  but  the  greater 
part  occurs  in  the  Gulf  of  Mexico  during  October,  November,  and 
December. 
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Bach  and  Handel.  The  Consummation  of  the  Baroque  in  Music.  Archibald  T.  Davidson. 

Harvard  University  Press.  London.  Cumberlege.  12s.  6d. 

It  is  with  surprise  and  a  sensation  of  almost  lavender-and-old-lace 
nostalgia  that  we  discover  in  a  slim  volume  with  the  Harvard  imprint  one 
of  those  pleasing  old-fashioned  appreciations  of  real  music  in  place  of  the 
expected  extremes  of  musicology.  To  find  a  professor  of  music  at  Harvard 
full  of  uninhibited  passion  for  conducting  and  listening  to  Bach  and  Handel 
is  a  joy,  and  he  conveys  the  impression  that  he  is  impelled  to  share  his  musical 
trouvailles  with  his  readers;  in  this,  indeed,  lies  the  chief  merit  of  the  book. 

The  author’s  failure  to  point  out  some  of  the  most  illuminating  differ¬ 
ences  between  the  two  great  masters  is  only  partly  owing  to  his  seeming 
ignorance  of  the  more  recent  literature  on  Handel:  it  is  perhaps  due  more 
to  the  fact  that  no  one  has  yet  done  for  Handel  what  Spitta  and  Terry  have 
done  for  Bach.  In  consequence  the  background  against  which  the  two  com¬ 
posers  had  to  work  and  their  methods  of  creation  have  been  only  fitfully 
reviewed. 

Handel  had  almost  always  to  write  with  the  immediate  effect  on  an 
audience  in  view:  it  is  perhaps  only  in  his  harpsichord  works  that  he  was 
"thinking  to  himself.”  Bach,  for  most  of  his  life  a  salaried  official,  had  less 
need  to  think  of  an  audience,  which  could  probably  be  pleased  by  almost 
any  diversion  in  the  midst  of  those  endless,  chilly,  Lutheran  services;  so  that 
it  is  in  his  harpsichord  and  orchestral  works  designed  to  attract  the  attention 
with  the  colours  and  tessituras  of  instruments  and  voices  clear  in  his  mind; 
of  amateurs  and  patrons  that  he  is  most  accessible.  Handel  wrote  always 
with  the  colors  and  tessituras  of  instruments  and  voices  clear  in  his  mind; 
Bach  with  an  intellectual  musical  problem  foremost,  so  that  the  colours  wirh 
which  he  adorned  this,  however  subtle,  are  always  secondary.  So  it  is  that, 
for  instance,  we  can  enjoy  Bach’s  keyboard  music  on  harpsichord,  clavi¬ 
chord,  piano  or  organ,  losing  comparatively  little  by  such  fundamental 
changes;  while  Handel’s  harpsichord  works  are  untranslatable  on  any  other 
instrument.  Of  course  Handel’s  publishers  added  alternative  instruments  on 
the  title-pages  of  his  works,  but  their  object  was  to  attract  as  many  pur¬ 
chasers  as  possible. 

It  is  a  pity  that  Professor  Davison  should  have  dragged  in  the  old  story 
of  Handel’s  "borrowings”:  as  Professor  Dent  has  pointed  out,  all  these  seem 
to  date  from  the  period  immediately  after  Handel’s  nervous  breakdown, 
when  he  was  in  no  state  to  discriminate  between  his  own  work  and  the 
remembered  beauties  of  others  which  had  lodged  in  his  tired  brain.  Bach, 
after  all,  was  able  to  plunder  the  Lutheran  hymnbooks  without  protest  when, 
and  if,  his  own  vast  inspiration  ever  failed. 
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As  courtesy  to  the  Academy,  in  doing  business 
with  our  advertisers,  please  make  mention  of  the 
fact  that  you  saw  their  advertisement  in  THE 
TEXAS  JOURNAL  OF  SCIENCE. 
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Your  Business  is  finding  Oil 
Our  Business  is  instrumentation 

It  is  up  to  us  to  provide  you  with  the  best  instru¬ 
ments  money  can  buy.  Therefore  our  entire  efforts 
and  facilities  are  concentrated  on  the  necessary 
RESEARCH 

PRODUCTION  DESIGN 

MANUFACTURING  TECHNIQUES  and 
SERVICE  PROGRAM 

to  supply  you  with  fine  Seismograph  Instruments 
and  associated  equipment. 

This  is  why  53  different  companies  have  pur¬ 
chased  over  100  sets  of  1 SIE 1  Seismograph  Instru¬ 
ments  in  the  last  five  years.  They  have  found  that 
it  pays  to  let  SIE  be  their  Geophysical  Laboratory. 


CHAPTER  EIGHT  in  the  Fascinating  Story  of  the  Search  for  Oil 


In  1938 

S  ^  The  electrical  well  logging 
method,  pioneered  and  developed  by  Conrad  and 
Marcel  Schlumberger  as  early  as  1928,  was  thor¬ 
oughly  proved  and  accepted  during  its  first  decade 
of  service,  and  by  1938  "a  Schlumberger”  had  be¬ 
come  synonymous  with  the  search  of  new  oil  re- 


"This  method,  which  consists  essentially  in  meas¬ 
uring  the  electrical  resistivity  and  potential  along 
the  walls  of  a  drill  hole  by  introduction  of  a  series 
of  electrodes,  not  only  gives  exceedingly  important 
information  as  to  oil,  gas  and  water  content  of 
formations  penetrated,  but  also  yields  a  log  which, 
for  correlation  purposes,  is  often  superior  to  any 
other  type  of  log  and  which  in  specific  cases  may 
be  of  even  greater  utility  than  a  complete  core  sec¬ 
tion,”  reported  E.  De  Golyer  in  a  lecture  delivered 
at  Princeton  University  in  1939. 


The  early  electrical  logs  were  plotted  by  hand, 
pictured  in  this  illustration  of  recording  in  Califort 
ia  in  1932.  Present  day  logs  are  recorded  photc 
graphically  on  film  and  four  or  more  curves  ca 
be  recorded  simultaneously  on  the  same  log. 


®  °  •  Since  new  and  improved  it 
struments  are  still  the  key  to  future  progress  in  th 
endless  search  for  new  oil  reserves,  General  maic 
tains  extensive  instrument  laboratories  of  its  owi 
to  develop  and  improve  dependable  equipment  t 
meet  specific  needs  for  various  areas.  In  the  hand 
of  capable  crews  who  are  qualified  by  training  am 
experience  to  accurately  compile  and  interpret  seis 
mograph  data,  General  instruments  have  helpei 
many  operators  to  determine  and  locate  condition, 
favorable  to  finding  new  oil  reserves.  Let  General’ 
crews  help  you. 
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1932-1952  — The  operations  of  SEISMIC  span  two 
decades  of  the  industry’s  most  intensive  search  for  oil. 
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that  your  geophysical  exploration  program  is 
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Hundreds  of  Texas  poultry  men 
are  finding  that  feeds  supple¬ 
mented  with  Methionine  are 
helping  them  grow  top  quality 
broilers  faster  with  less  feed 
than  ever  before. 

Methionine  is  an  amino  acid 
essential  to  many  animals  in¬ 
cluding  man  because  it  assists 
in  the  conversion  of  food  pro¬ 
tein  to  body  protein.  Tests 
prove  that  poultry  do  not 
synthesize  Methionine  from 
normal  materials  at  a  rate 
commensurate  with  normal 
growth. 

The  chemical  industry,  realiz¬ 
ing  the  importance  of  Methio¬ 
nine  to  the  diet  of  animals, 
began  intensive  research  on  it 
some  years  ago,  and  today 
produces  it  synthetically  for 
feed  manufacturers.  When 
added  to  feeds  it  increases  feed 
efficiency— helps  the  chick 


utilize  the  full  nutritional  value 
of  the  rest  of  the  feed.  Care¬ 
fully  conducted  tests  prove 
that  feeds  supplemented  with 
Methionine  produce  top  qual¬ 
ity  broilers  at  less  feed  per 
pound  of  gain,  improve  feather¬ 
ing  and  increase  poultrymen’s 
profits. 

Dow,  the  first  major  producer 
of  Methionine,  has  played  a 
leading  role  in  its  development 
and  production.  Dow’s  work 
in  this  field  is  but  one  example 
of  the  continuous  efforts  of 
Dow  to  develop  and  produce 
chemical  products  that  aid  in¬ 
dustry  and  agriculture. 
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CHARLES  SPURGEON  SMITH 

1886  -  1952 


Charles  Spurgeon  Smith,  Professor,  and  Head  of  the  Biology  Deparment, 
Southwest  Texas  State  Teachers  College,  died  in  Corpus  Christi  August  1,  1952, 
following  a  coronary  occlusion  suffered  while  on  a  fishing  trip  at  Port  Aransas 
some  three  weeks  previously.  He  is  survived  by  his  wife,  one  son,  one  grandson, 
and  two  brothers.  His  son,  Spurgeon  Eugene,  is  a  graduate  student  in  pure  mathe¬ 
matics  at  the  University  of  Texas  and  is  currently  associated  with  a  government 
sponsored  research  project. 

Professor  Smith  was  born  in  Columbus,  Texas,  August  29,  1886,  the  son  of  a 
Baptist  minister.  He  attended  public  school  in  Pearsall  and  San  Antonio.  In  1910 
he  completed  the  B.  S.  degree  at  Baylor  University.  He  did  some  advanced  work 
with  Professor  H.  J.  Muller  then  of  the  University  of  Texas,  but  the  major  portion  of  his 
graduate  work  was  done  at  the  University  of  Chicago,  where  he  was  awarded  the 
M.  S.  degree  in  1921  and  the  Ph.  D.  in  1928.  He  was  a  Donnelly  fellow  at  Chicago 
in  1927-28  while  doing  physiological  research  under  the  direction  of  Professor 
A.  J.  Carlson. 

After  completion  of  the  bachelor’s  degree,  he  taught  three  years  in  Texas  public 
schools  at  Lockhart  and  Cuero.  Dr.  Smith  joined  the  faculty  of  the  Southwest  Texas 
State  Teachers  College  (then  State  Normal)  in  1913  as  coach  and  member  of  the 
Science  Department,  becoming  Head  of  the  Biology  Department  in  1919.  Save  for 
leaves  of  absence  for  military  duty  and  graduate  study,  he  served  on  this  faculty  con¬ 
tinuously,  and  for  the  past  several  years  had  been  its  senior  member  . 

Entering  the  service  of  his  country  on  April  9,  1917,  he  trained  in  the  First 
Officers  Training  Camp  at  Leon  Springs,  and  served  in  France  as  a  first  lieutenant 
with  the  345th  Field  Artillery. 

Before  his  return  to  the  states  in  1919  he  studied  as  a  soldier  student  at  La 
Sorbonne,  Paris. 

He  was  married  in  1918  to  Grace  Rebecca  Berry,  then  Head  of  the  Home 
Economics  Department  at  the  college. 

Professor  Smith  gave  a  large  share  of  his  time  to  teaching  and  in  the  course 
of  his  career  inspired  many  students  to  follow  biological  professions.  Throughout 
his  life  he  maintained  keen  interest  in  the  work  of  many  associates  and  former 
students.  His  own  publications  appearing  primarily  in  the  American  Journal  of 
Physiology  include  studies  of  kidney  function  and  water  relationships  as  well  as 
salivary  digestion  and  metabolic  rates  in  mammals. 

He  held  memberships  in  the  Texas  Academy  of  Science,  the  American  Associa¬ 
tion  for  the  Advancement  of  Science,  Sigma  Xi,  Texas  State  Teachers  Association, 
and  other  professional  organizations.  He  was  very  active  in  the  work  of  the  Texas 
Academy  of  Science,  and  seldom  did  a  year  pass  that  he  was  not  in  attendance  at  the 
annual  meeting  of  a  national  scientific  society. 

Although  his  major  interest  was  in  mammalian  physiology,  Dr.  Smith  developed 
a  broadness  in  related  fields  that  is  somewhat  unique  in  the  current  age.  One  of  his 
keen  interests  was  the  conduct  of  an  advanced  course  in  ecology,  which  included 
marine  ecology  as  well  as  that  of  Southwest  Texas.  He  was  a  Charter  member 
and  the  first  president  of  the  Texas  Herpetological  Society.  Nothing  pleased  Professor 
Smith  more  than  to  be  host  to  fellow  scholars  who  visited  biological  provinces  of 
this  area.  Particularly  at  the  time  when  Typhlomolge  rathbuni,  native  to  this  area  was 
first  classified,  Dr.  Smith  was  the  proud  host  and  guide  to  many  an  interested  scholar. 

Professor  Smith’s  scientific  interests  whetted  his  zest  for  life.  He  found  much 
joy  in  the  out-of-doors,  observing  the  plant  and  animal  life  of  his  area  on  hunting 
and  fishing  expeditions  in  the  hill  country  and  along  the  Texas  coast. 

To  those  who  made  these  pilgrimages  with  him  and  to  his  students  and  col¬ 
leagues  generally,  he  was  a  man  of  simple  tastes  and  extraordinary  insight  seasoned 
with  tolerance  and  kindly  humor. — RALPH  HOUSTON,  L.  N.  WRIGHT,  AND  W.  E. 
NORRIS,  JR. 


THE  CHARLES  SPURGEON  SMITH  MEMORIAL  SCHOLARSHIP 
FUND  DRIVE 

Friends  and  former  students  of  Dr.  Smith,  desiring  to  perpetuate  his  influence 
with  future  generations  of  students,  have  formulated  plans  for  establishing  a  Charles 
Spurgeon  Smith  Memorial  Scholarship.  They  request  that  contributions  to  the  fund 
be  mailed  to  Dr.  W.  E.  Norris,  Jr.,  Biology  Department,  Southwest  Texas  State 
Teachers  College,  San  Marcos,  Texas. 


DESERT  VEGETATION  in  an  arroyo  in  Starr  County,  Texas. 


YUCCAS  in  the  Diablos 


DESERT  PLANT  UTILIZATION 


PETER  C.  DUISBERG 
Chemistry  Department 
New  Mexico  A.  &  M.  College 


In  recent  years  almost  all  of  the  agricultural  energy  expended  in  the 
desert  and  semi-desert  region  of  the  United  States  has  been  devoted  to  the 
development  of  its  irrigation  and  grazing  possibilities.  In  view  of  the  recur¬ 
ring  water  crises  and  the  problems  involved  in  merely  attempting  to  main¬ 
tain  the  range  at  its  present  level,  it  is  apparent  that  neither  field  offers  much 
promise  for  significant  agricultural  expansion. 

Less  attention  has  been  given  to  the  variety  of  perennial  plants  and 
shrubs  which  are  native  to  the  desert  and  possess  the  ability  to  survive  under 
extremely  arid  conditions.  In  spite  of  this,  a  number  of  utilization  industries 
are  in  existence  or  in  prospect  in  the  United  States  and  Mexico.  It  would 
appear  that  a  continuous  coordinated  research  effort  on  the  potentialities  of 
the  more  than  600,000  square  miles  of  desert  and  semi-desert  lands  of  the 
Southwestern  United  States  and  Mexico  would  be  profitable. 

Better  use  of  our  desert  resources  might  be  important  for  the  following 
reasons: 
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1.  Any  use  found  represents  a  net  gain  for  land  of  low  economic  value. 

2.  Many  desert  plants  grow  well  under  irrigation  and  may  be  valuable 
as  low  moisture  consuming  crops  during  times  of  water  shortage. 

3.  Development  of  useful  products  may  provide  economic  incentives 
for  the  removal  of  noxious  plants  invading  grasslands  or  river  flats. 

4.  Certain  desert  plant  constituents  are  high  on  the  list  of  critical 
materials. 

5.  Fundamental  studies  on  desert  plants  may  yield  important  informa¬ 
tion  concerning  the  nature  of  drought  resistance. 

The  remainder  of  this  paper  will  be  devoted  to  a  brief  discussion  con¬ 
cerning  some  of  the  desert  plants  which  already  have  economic  value  or 
which  seem  especially  promising. 

CANDELILLA  OR  JUMETE 

Candelilla  wax,  one  of  the  most  important  natural  waxes,  is  obtained 
from  the  wild  desert  plant  Euphorbia  antisyphilitic  a .  Candelilla  occurs  in 
northern  Mexico  and  southwestern  Texas.  The  plants  are  unusual  in  appear¬ 
ance  and  consist  of  bunches  of  grey  leafless,  reedlike  stems  from  2  to  4  feet 
high  and  Vs  to  Vi  inch  in  diameter.  The  wax  forms  a  surface  coating  over 
the  stems  and  constitutes  from  2 1/2  to  5  percent  of  the  air  dry  weight. 

In  commercial  extraction  the  plant  is  immersed  in  water  which  is  then 
heated  to  the  boiling  point.  Sulfuric  acid  is  added  at  the  moment  of  boiling 
and  causes  the  melted  wax  to  rise  to  the  surface.  Crude  wax  is  yellowish 
brown  in  color.  If  desired,  the  color  can  be  removed  by  various  methods. 

A  number  of  investigators  have  investigated  the  chemical  composition 
of  Candelilla  wax.  On  the  basis  of  67.5  percent  of  unsaponifiable  matter 
the  composition  appears  to  be  about  as  follows: 

Esters  with  hydroxylated  acids  3  3-3  5  percent 

Primarily  sitosterol  C29H49(OH)  combined  with  dihydroxymyri- 
cinoleic  acid,  C30  H@2  O4  (20%) 

Myricyl  dihydroxymyricinoleate 

Lactone  5-6  percent 

Hydroxymyricino  lactone 

Free  acids  9-10  percent 
Resin  acids 

Dihydroxymycrinoleic  acid 

Hydrocarbons  50-53  percent 
Hentriacontane 
Tritriacontane 

Candelilla  wax  has  a  rather  high  melting  point  (67.5°  C)  and  is  used 
quite  extensively  to  harden  other  waxes.  Since  it  is  capable  of  taking  a  high 
surface  polish  it  is  commonly  found  as  an  ingredient  of  shoe  polish  and  floor 
waxes.  It  is  also  used  in  phonograph  records,  sealing  wax,  candles,  electrical 
insulators,  water  proof  boxes  and  as  a  finishing  material  in  the  textile 
industry. 

Most  of  the  Candellila  wax  supply  comes  from  several  factories  in  north¬ 
ern  Mexico  and  it  constitutes  an  important  part  of  Mexico’s  vegetable  wax 
exports  (total  vegetable  wax  exports  were  worth  seven  million  U.  S.  dollars 
in  1946).  One  factory  exists  in  the  Texas  Big  Bend.  However,  the  original 
supply  has  largely  been  uprooted  without  replacement.  This  points  up  the 
need  to  plan  all  desert  plant  ventures  in  accordance  with  conservation  prac¬ 
tices  and  on  sustained  yield  bases. 
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BEARGRASS  OR  SACAHUISTE 

The  leaves  of  Nolina  microcar  pa  have  been  converted  into  an  excellent 
substitute  for  broom  straw.  The  plant  occurs  on  higher  plains  and  mountain 
foothills  from  Chihuahua,  Mexico  to  the  area  near  Kingman,  Arizona.  In 
many  areas  the  stands  are  sufficiently  heavy  to  produce  yields  of  from  3.5 
to  7.00  tons  of  dry  leaf  per  acre. 

The  individual  plants  contain  from  10  to  75  pounds  of  green  leaf.  The 
leaves  are  from  two  to  seven  feet  long  and  are  about  %  inch  in  width.  They 
are  very  fibrous  and  are  not  only  practically  useless  for  grazing  but  tend  to 
shade  out  desirable  grasses  around  the  bases  of  the  plants. 


BEARGRASS,  OR  SACAHUISTE  STAND  Southwest  of  Silver  City,  New  Mexico. 


In  commercial  harvesting,  plants  are  cut  down  with  a  type  of  circular 
saw.  The  leaves  are  then  cut  into  1 8  inch  lengths,  shredded,  baled  and  shipped 
to  broom  manufacturers. 

Very  little  chemical  research  has  been  done  on  beargrass.  However,  the 
leaves  have  been  found  to  contain  about  48  percent  crude  fiber  and  only 
about  4  percent  protein.  The  tensile  strength  of  the  fiber  averages  26.3  kilo¬ 
meters  which  is  rather  low  when  compared  with  other  hard  fibers. 

Beargrass  is  establishing  itself  in  the  broom  industry  and  is  especially 
useful  in  industrial  and  warehouse  brooms  because  of  its  durability. 

Beargrass  fibre  is  being  produced  by  two  companies  in  New  Mexico  and 
three  in  Mexico. 

AGAVES  OR  CENTURY  PLANTS 

The  genus  Agave  includes  some  of  the  important  fiber  and  alcohol  pro¬ 
ducing  plants.  Although  all  species  were  originally  North  or  South  American, 
exported  stock  has  provided  the  basis  for  the  large  African  and  East  Indian 
sisal  industries. 
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COMMERCIAL  PRODUCTION  of  broom  fiber  from  Beargrass  in  New  Mexico. 


The  various  species  all  have  large,  succulent,  fibrous  leaves.  After  a 
number  of  years  the  plants  concentrate  all  of  their  energy  in  sending  up  a 
large  bloom  stalk,  flower  beautifully  and  then  die. 

Considerable  research  has  been  done  on  various  agaves  and  they  have 
been  suggested  as  sources  of  pectin,  vitamin  C  and  glucosides.  Patents  exist 
for  their  utilization  in  jelling  compounds,  toilet  preparations,  emulsifying 
agents  and  boiler  compounds. 

A  number  of  species  are  native  to  arid  and  semi-arid  regions  of  North¬ 
ern  Mexico  and  the  Southwestern  United  States.  The  most  important,  from 
an  economic  viewpoint,  are  the  mezcal  agaves  and  lechuguilla. 

MEZCAL 

The  mezcal  group  of  agaves  consists  of  four  species,  Agave  tequilana, 
A.  pseudotequilana,  A.  palmaris,  and  A.  pes-mulae.  All  four  species  are  culti¬ 
vated  together  in  the  same  field  and  are  used  to  produce  the  important  Mexi¬ 
can  alcoholic  beverages  mezcal  and  tequila  and,  to  a  minor  extent,  fiber.  The 
plants  are  grown  on  plantations  in  western  Mexico  from  Sinaloa  to  Jalisco. 
The  four  species  all  have  short  and  relatively  thick  trunks  but  differ  in  their 
leaf  sizes. 

When  it  appears  that  the  plants  are  about  to  send  up  flower  stalks, 
(after  about  8  to  10  years)  the  leaves  are  cut  off  and  the  trunks  collected 
for  roasting.  The  trunks  contain  very  high  contents  of  sugar  at  this  time. 
It  is  thought  that  the  roasting  operation  may  decompose  glucosidal  sugars. 
The  alcohol  is  distilled  from  the  roasted  trunks. 

Fiber  is  sometimes  produced  from  the  leaves  especially  when  the  demand 
is  high  and  the  price  structure  favorable.  Since  the  fiber  comes  from  the 
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leaves  of  different  species  and  the  leaves  are  at  different  states  of  maturity, 
it  lacks  uniformity  and  does  not  bring  top  prices.  Although  exported,  the 
fiber  is  not  quoted  in  the  fiber  markets. 

LECHUGUILLA 

Agave  lechuguilla  is  the  source  of  the  important  commercial  fiber  ixtle. 
The  plant  grows  wild  on  arid  limestone  mesas  and  hillsides  from  San  Luis 
Potosi  to  western  Texas,  southern  New  Mexico  and  southeastern  Arizona. 
It  consists  of  a  rosette  of  leaves  from  12  to  20  inches  long  and  1  to  P/2 
inches  wide. 


LECHUGUILLA  grows  abundantly  in  West  Texas. 


In  Mexico  workers  harvest  the  central  bud  or  cogollo,  leaving  a  cogollito 
to  begin  new  growth.  The  fiber  is  separated  from  the  pulp  by  pulling  the 
leaves  between  a  blunt  knife  and  a  block  of  wood.  An  expert  workman  can 
clean  from  66  to  8  8  pounds  per  week. 

Machinery  was  devised  and  used  at  a  small  lechuguilla  fiber  factory  in 
Canutillo,  Texas  during  the  depression.  The  process  was  apparently  a  techni- 
logical  success  but  other  factors  necessitated  its  discontinuance.  At  the  pres¬ 
ent  time,  Texas  business  men  are  interested  in  lechuguilla  as  a  source  of  fiber 
and  of  saponins. 

Mexican  ixtle  fiber  is  used  domestically  to  make  2  and  3 -ply  rope  and 
for  making  sacking.  In  the  United  States,  it  is  used  in  the  manufacture  of 
brushes  and  in  upholstery  tow. 

The  United  States  imports  about  6,000  tons  of  lechuguilla  fiber  worth 
about  $1,000,000  annually. 
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CREOSOTE  BUSH  is  common  in  all  of  the  desert  areas  of  the  Southwest. 


CREOSOTE  BUSH  OR  HEDIONDILLA 

Larrea  clivaricata  is  the  source  of  a  valuable  antioxidant,  nordihydro- 
guaiaretic  acid.  The  plant  is  an  evergreen  shrub  with  small  odorous  resinous 
looking  leaves  which  are  responsible  for  the  pungent  odor  of  the  desert  after 
a  rain.  The  creosote  bush  is  the  typical  xerophyte  of  all  the  Southwestern 
American  and  Northwestern  Mexican  deserts  and  dominates  about  3  5  million 
acres.' 

At  the  present  time,  nordihydroguiaretic  acid  or  N.D.G.A.  is  the  only 
product  being  produced  commercially  from  the  plant.  It  is  prepared  by  puri¬ 
fication  of  the  acidified  alkaline  extract  of  the  leaves  with  organic  solvents. 
N.D.G.A.  is  a  white  crystalline  phenolic  compound  which  is  very  effective 
in  retarding  rancidity  in  fats,  oils  and  carotene  in  concentrations  as  low  as 
.001  percent.  The  compound  has  recently  sold  at  3  5  dollars  a  pound.  At  this 
price  the  total  demand  is  not  too  great.  Crude  extractions  are  carried  out 
in  factories  in  the  Big  Bend  region  of  Texas  and  in  Torreon,  Mexico,  and 
final  purification  is  accomplished  in  Chicago,  Illinois. 

The  creosote  bush  contains  several  promising  by-products  which  show 
commercial  promise.  Thirty  percent  of  resins  can  be  removed  by  alcohol  ex¬ 
traction  and  converted  into  varnishes  after  polymerization.  The  resin  free 
residues  have  a  protein  content  of  over  16  percent  and  can  be  converted 
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into  a  stock  feed  with  a  feed  value  close  to  that  of  alfalfa.  Other  potential 
by-products  include  carotene,  chlorophyll,  and  flavonol  pigments. 

The  creosote  bush  is  a  potential  source  of  more  than  a  million  tons  of 
feed  and  two  hundred  million  pounds  of  resin  on  an  annual  sustained  yield 
basis.  The  plant  may  be  harvested  every  two  to  four  years. 

CANAIGRE  OR  WILD  RHUBARB 

Rumex  hymenose palus  is  one  of  our  most  prom'sing  potential  sources 
of  tannins.  It  is  a  small  broadleafed  plant  which  sends  up  a  central  bloom 
spike  in  the  spring  and  possesses  high  tannin  bearing  tuberous  roots  which 
resemble  small  sweet  potatoes. 

Tannins  were  commercially  produced  from  the  roots  of  the  wild  plants 
in  the  1  880’s  and  90’s  and  shipped  to  England,  Austria  and  Germany.  Trans¬ 
portation  difficulties  limited  harvest  to  areas  near  the  railroads.  Other  diffi¬ 
culties  led  to  the  abandonment  of  the  trade  in  spite  of  the  fact  that  the 
tanning,  properties  were  good. 

In  1937,  the  U.S.D.A.  foresigh tedly  resumed  work  on  canaigre  in  antici¬ 
pation  of  a  future  tannin  shortage.  This  was  impending  due  to  the  virtual 
extermination  of  our  chief  domestic  source,  the  chestnut  tree,  by  blight.  At 
the  present  time,  about  30  percent  of  our  tannins  come  from  these  dead 
trees  and  70  percent  are  imported.  By  World  War  II,  annual  consumption 
of  100  percent  tannin  had  risen  to  about  140,000  tons  worth  15  to  20 
million  dollars. 


CANAIGRE  may  soon  be  grown  extensively  in  Arizona  as  a  tannin  source. 
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It  has  been  found  that  the  plant  grows  much  better  under  limited  irri¬ 
gation  than  in  the  wild  state.  Improved  strains  have  been  developed  by  selec¬ 
tion  containing  root  tannin  contents  of  from  3  5  to  42  percent.  An  improved 
method  of  extraction  is  in  the  pilot  plant  state  and  fermentation  studies 
are  under  way  to  develop  alcohol  as  a  by-product  from  the  20-3  0  percent 
starch  and  9-13  percent  sugar  in  the  roots.  An  attempt  is  also  being  made 
to  isolate  an  antibiotic  which  may  be  effective  against  organisms  of  the 
tuberculosis  type. 

The  high  tannin  containing,  or  "red  root”  strains,  seem  best  adapted 
for  growth  in  Arizona.  An  average  of  about  1 5  acres  has  been  harvested 
annually,  for  the  past  several  seasons,  in  that  state.  The  yields  have  been 
about  1,000  pounds  of  100  percent  tannin  per  acre.  The  plants  need  about 
one  third  as  much  irrigation  water  as  most  other  crops. 

Thirty-one  acres  of  plantings  have  been  started  in  1952,  including  six 
acres  in  New  Mexico  and  five  acres  in  Texas,  and  plans  have  been  formulated 
to  begin  pilot  plant  testing  of  the  tannin  extractive  method  before  the  end 
of  the  year. 

Canaigre  tannins  are  very  promising  for  sole  leather,  for  quick  tanning 
and  may  find  a  use  as  a  viscosity  regulator  for  oil  well  drilling. 

SOAPWEED  OR  SPANISH  BAYONET 

Various  species  of  yucca  give  promise  of  becoming  important  fiber 
plants.  The  species  differ  in  appearance  but  all  contribute  greatly  to  the 
scenic  charm  of  the  desert,  and  are  common  throughout  the  arid  areas  of  the 
Southwest  and  of  Northern  Mexico. 


FLEXIBLE-LEAVED  YUCCA  ELAT  A  contains  fiber  of  high  quality. 
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Yucca  glauca  was  successfully  used  to  make  80  million  pounds  of  fiber 
for  burlap  and  bagging  during  World  War  I  (Botkin:  Bull.  3  00,  N.M.  Ag. 
Exp.  Sta.,  p.  14).  Between  the  wars  the  Germans  grew  the  plant  in  Germany 
and  produced  a  textile  fiber  which  they  considered  as  durable  as  wool.  The 
work  was  not  developed  commercially  due  to  the  slow  rate  of  growth  of  the 
plant  and  difficulties  in  retting.  During  the  second  World  War,  a  factory 
was  established  at  Kingman,  Arizona  using  Y.  schidigera.  The  operation  was 
not  successful  partially  due  to  the  fact  that  basic  problems  were  not  solved 
prior  to  the  erection  of  the  factory.  At  the  present  time,  other  individuals 
are  experimenting  with  methods  for  decortication  which  they  feel  will  some 
day  form  the  basis  of  a  successful  yucca  fiber  industry. 

The  distribution  and  stands  of  various  species  of  yucca  are  quite  vari¬ 
able.  The  two  most  common  species  in  New  Mexico  are  the  flexible  leaved 
Yucca  glauca  and  Yucca  elata.  The  dry  leaves  of  either  species  contain  from 
40  to  45  percent  of  fiber.  Measurements  in  average  areas  indicate  that  yields 
of  375  pounds  of  dry  glauca  fiber  and  450  pounds  of  dry  elata  per  acre 
might  be  expected.  The  tensile  strength  of  both  types  of  fiber  approximate 
that  of  African  sisal. 

The  strongest  yucca  fibers  come  from  the  bayonet  leave  species,  Yucca 
haccata  and  Yucca  torreyi ,  and  kindred  species.  These  fibers  compare  well 
with  Manila  hemp  or  abaca  fibers.  The  stands  of  these  species  are  quite  vari¬ 
able;  but  in  some  localities  would  equal  those  of  the  flexible  species. 

Regrowth  after  cutting  has  been  estimated  at  from  three  to  five  years. 
With  proper  handling  many  areas  of  yucca  could  be  utilized  on  a  sustained 
yield  basis. 

The  yucca  is  the  basis  for  several  other  small  but  interesting  businesses. 
Between  one  and  two  tons  of  blossoms  are  collected  annually  to  produce  a 
yucca  perfume.  The  flower  stalks  can  be  made  into  sticks  from  which  fire 
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can  be  produced  without  matches.  About  $20,000  worth  of  fire-sticks  have 
been  made  for  the  Boy  Scouts  of  America  in  the  last  five  years.  During  the 
last  war,  yucca  was  used  by  the  Navy  in  the  manufacture  of  a  special  Kraft 
paper. 

The  steroidal  sapogenins  of  various  yuccas,  agaves  and  other  desert  species 
are  of  especial  interest  due  to  their  structural  similarities  to  various  sex  and 
adrenal  hormones.  They  have  been  suggested  as  starting  points  in  the  synthesis 
of  cortisone  and  research  is  in  progress  to  that  end. 

GUAYULE 

Parthenium  argentatum ,  a  small  grey  desert  shrub,  is  the  source  of  gua- 
yule  rubber.  The  latex  is  inside  the  individual  cells  and  is  obtained  by  their 
rupture. 

The  Intercontinental  Rubber  Company  of  Torreon,  Mexico  erected  the 
first  successful  plant  for  the  commercial  production  of  guayule  rubber  in 
1905.  The  company  has  continued  its  operations  to  the  present  time  and 
over  the  years  has  supplied  about  0.6  percent  of  the  United  States  rubber 
imports. 

Another  mill  was  established  near  Marathon,  Texas,  about  1909.  It 
operated  for  several  years,  but  was  closed  in  1912.  Reopening  again  in  1924, 
it  operated  for  two  years  before  being  abandoned.  Dr.  V.  L.  Cory  says  that 
during  its  operation  guayule  was  virtually  exterminated  in  the  Big  Bend 
area. 

In  1930,  an  extraction  mill  was  built  at  Salinas,  California  and  about 
three  million  pounds  of  rubber  were  produced  during  the  ensuing  decade.  The 
California  holdings  of  the  company  were  bought  by  the  United  States  gov¬ 
ernment  during  the  second  world  war.  Although  production  reached  14  mil¬ 
lion  pounds  of  rubber  per  year  the  project  was  criticized  because  the  results 
were  not  spectacular.  This  was  not  surprising  when  it  is  considered  that  pre¬ 
war  production  was  low,  that  it  takes  from  3  to  5  years  to  produce  good 
rubber  and  that  the  quality  suffered  from  a  high  resin  content. 

In  the  post-war  years  an  outstanding  job  of  research  has  been  accom¬ 
plished.  New  cultivated  types  have  about  23  percent  rubber  as  compared  to 
1  5  percent  for  the  wild  variety.  At  the  same  time  the  resin  has  been  reduced 
from  2  5  to  16  percent.  Furthermore,  certain  hybrids  produce  five  times  the 
plant  growth  without  loss  in  rubber  percentage. 

In  1951,  1000  acres  of  guayule  seedlings  were  grown  near  Crystal  City, 
Texas.  It  was  planned  to  plant  2  5,000  acres  in  1952  as  part  of  the  rubber 
stockpiling  program,  but  the  project  has  been  discontinued  due  to  an  im¬ 
proved  rubber  supply  from  other  sources. 

Guayule  rubber  adds  tack  and  other  desirable  properties  to  G.  R.  S. 
synthetic  rubber  and  is  particularly  useful  as  the  inner  swelling  layer  of 
airplane  fuel  tank  cells. 

PROMISING  PLANTS  WITH  LESS  IMMEDIATE  POTENTIALITIES 

All  the  plants  mentioned  heretofore,  either  have  definite  economic  uses 
or  seem  on  the  verge  of  utilization.  A  number  of  other  plants  are  promising 
but  less  advanced  with  respect  to  potential  utilization.  The  following  dis¬ 
cussion  will  discuss  the  more  important  of  these.  It  should  be  remembered 
also  that  only  a  relatively  small  number  of  desert  plants  have  received  any 
comprehensive  chemical  study. 
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JOJOBA  OR  GOAT  NUT 

Simmon dsia  chinensis  is  a  fairly  large  desert  shrub  containing  elliptical, 
thick,  bluish  green  leaves  and  fruits  which  resemble  coffee  beans.  The  plants 
are  commonly  found  on  gravelly  well  drained  slopes  from  1500  to  5000 
feet  in  elevation  in  Southern  California,  Arizona  and  western  Mexico. 

The  seeds  contain  about  5  0  percent  of  a  yellowish  liquid  wax  which 
can  be  expelled  by  crushing  or  be  obtained  by  solvent  extraction.  It  is  in¬ 
teresting  to  note  that  jojoba  is  the  only  seed  plant  known  to  store  a  wax 
rather  than  a  fat  in  its  seeds. 

Jojoba  wax  consists  primarily  of  an  ester  of  decosanol  and  eicosanoic 
acid.  The  percentage  chemical  composition  is  reported  as  saturated  acids  1.64, 
palmitoleic  acid  0.24,  oleic  acid  0.66,  eicosanoic  3  0.3,  docosanoic  acid  14.2, 
eicosanol  14.6,  docosanol  3  3.7  and  hexacosanol  2.0.  Dihydroxyeicosanoic  acid, 
11-12  percent,  also  has  been  identified. 

The  wax  can  be  repeatedly  heated  to  5  50°  F.  without  decomposition 
leading  to  a  number  of  possible  uses.  It  is  also  excellent  for  liquid  heat  trans¬ 
fer  and  is  valuable  for  the  lubrication  of  delicate  mechanisms.  It  has  been 
used  as  a  carrier  for  medicinals  injected  by  needle,  in  furniture,  floor  and 
auto  waxes,  and  in  carbon  paper,  fruit  waxing,  paper  impregnation  and 
smokeless  candles. 

A  ready  market  exists  for  jojoba  wax.  Unfortunately,  efforts  to  grow 
the  plants  for  the  nuts  have  been  rather  discouraging.  A  thorough  investiga¬ 
tion  is  needed  since  the  plant  thrives  in  nature  in  locations  which  seem 
exceptionally  unpromising. 

WILD  PERENNIAL  GOURDS 

Seeds  of  Cucurbita  foetidissima ,  C.  palmata  and  C.  digitata  are  being 
investigated  as  possible  new  domestic  oil  and  protein  crops.  All  three  species 
possess  large  fleshy  roots  and  produce  round  gourds  about  the  size  of  tennis 
balls  on  trailing  vines. 


CLOSEUP  of  the  leaves  and  nuts  of  jojoba. 
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THIS  SMALL  CUCURBITA  FOETIDISSIMA  PLANT  has  already  produced  a 
number  of  gourds.  (Note  gourd  at  right). 


Plant  breeding  work  is  being  conducted  in  Texas  and  New  Mexico.  Con¬ 
servative  estimates  indicate  potential  yields  of  seed  of  from  500  to  15  00 
pounds  per  acre  under  some  irrigation. 

1.  Cucurbita  foetidissima  or  Buffalo  Gourd 

The  buffalo  gourd  has  been  reported  growing  wild  from  South  Dakota 
to  New  Mexico  and  from  Texas  to  California.  It  is  also  found  in  Mexico. 

The  air  dry  seeds  contain  about  31  percent  protein  and  about  27  per¬ 
cent  oil.  The  oil  has  an  iodine  number  of  133.6,  no  dienic  conjugation  and 
1.27  percent  trienoic  conjugation.  It  can  be  used  to  make  satisfactory  varn¬ 
ishes  and  promising  paints.  The  oil  gives  a  performance  rather  similar  to 
soybean  oil  when  used  in  varnishes  and  paints. 

2.  Cucurbita  palmata 

Cucurbita  palmata  is  found  almost  exclusively  in  Southern  California. 
It  grows  beside  the  highways,  in  dry  washes  of  the  Imperial  valley  and  in 
parts  of  the  Mojave  desert. 

The  air  dry  seeds  contain  about  21  percent  of  protein  and  about  27 
percent  of  oil.  The  oil  has  an  iodine  number  of  139.2,  no  dienic  conjugation 
and  18.35  percent  of  trienic  conjugation.  The  oil  has  excellent  drying  pro¬ 
perties  and  compares  very  favorably  with  linseed  oil  in  varnishes  and  paints. 
The  drying  properties  are  apparently  related  to  the  high  percentage  of  triene 
conjugation. 

DEVILS  CLAW 

Martynia  parviflora  occurs  to  some  extent  in  Texas  and  New  Mexico. 
It  possesses  a  trailing  vine,  large  leaves,  and  unique  seed  pods  with  curved 
claw-like  extensions. 

The  seeds  contain  about  24  percent  of  edible  protein  and  3  5  percent 
of  edible  oil.  The  oil  possesses  an  iodine  number  of  122.5  and  a  saponification 
number  of  197. 
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Devils  claw  seed  appears  to  offer  definite  possibilities  as  a  new  oil  of  the 
semi-drying  variety.  Preliminary  tests  indicate  potential  yields  of  at  least 
1200  pounds  of  seed  per  acre  using  moderate  irrigation. 

SALT  CEDAR  OR  FRENCH  TAMARISK 

Tamarix  gallica  is  native  to  the  Mediterrean  region  and  was  introduced 
into  the  Southwest.  It  soon  spread  throughout  the  stream  beds  and  irrigation 
ditches  from  Western  Texas  to  California,  and  is  considered  a  major  problem 
due  to  the  tremendous  amount  of  potential  irrigation  water  it  transpires. 

In  1951  the  Salt  Cedar  Interagency  Council  met  to  consider  the  prob¬ 
lem.  It  was  pointed  out  that  the  salt  cedars  and  other  river  bottom  trees 
and  shrubs  are  responsible  for  an  annual  waste  of  over  100,000  acre  feet  of 
water  in  the  upper  Rio  Grande  and  Pecos  Rivers  in  New  Mexico.  This  is 
enough  water  for  half  a  dozen  cities  like  Albuquerque. 

The  council  recommended,  among  other  things,  that  the  salt  cedar  be 
investigated  for  possible  commercial  value  in  order  to  help  defray  the  cost 
of  removal.  The  wood  has  been  suggested  as  a  potential  source  of  fuel,  fence 
posts,  wood  pulp  and  furniture. 


MESQUITE 


Various  varieties  of  Prosopis  juli flora  are  among  the  typical  and  most 
common  plants  of  the  southwest  American  and  Northern  Mexican  deserts. 
They  are  found  as  trees  or  large  shrubs  containing  many  bipinnate  leaves 

and  long  bean  like  fruits. 

Mesquite  is  invading  valu¬ 
able  grazing  land  in  all  of  the 
Southwestern  states.  In  Texas 
alone  it  is  said  to  be  costing 
the  ranchers  thirty  million 
dollars  annually  in  lost  in¬ 
come. 

Considerable  effort  is  being 
expended  on  mesquite  control. 
Some  attention  has  been  given 
by  the  Texas  Forest  Product 
laboratory  to  utilization  as 
an  incentive  for  removal. 
Among  the  possible  products 
considered  have  been  char¬ 
coal,  tannins,  ethyl  alcohol, 
stock  feed,  acids,  sugars  after 
wood  hydrolysis,  plastics,  wall 
board,  and  a  wood  flour  ex¬ 
tender  for  phenol-formalde¬ 
hyde  plastics. 

Mesquite  gum  is  collected 
and  used  to  a  limited  extent 
in  gumdrops  and  mucilages 
and  is  a  source  of  uncommon 
sugars  such  as  1-arabinose  and 
MESQUITE  BRANCH  heavily  laden  with  beans  1-rhamnose.  The  beans  pods 


PRICKLY  PEAR  AND  MESQUITE  encroaching  on  the  South  Texas  Range. 


have  some  value  as  feed  for  range  live  stock.  They  are  reported  to  be  richer 
in  sucrose  than  sugar  beets.  Mesquite  wood  is  hard,  reddish  and  capable  of 
taking  a  high  polish  and  can  be  used  for  trinkets  and  novelties. 

PRICKLY  PEAR  CACTUS 

The  prickly  pear  cacti  consist  of  a  number  of  species,  all  members  of 
the  genus  Opuntia.  The  stems  consist  of  a  series  of  wide  flat  joints  containing 
the  cactus  needles.  Members  of  the  prickly  pear  group  are  abundant  through¬ 
out  the  American  and  Mexican  desert  regions. 

Prickly  pear  cactus  is  considered  noxious  in  many  areas  and  is  encroach¬ 
ing  on  grazing  lands.  During  times  of  drought  the  spines  are  sometimes 
burned  off  and  converted  into  an  edible  stock  feed.  A  Texas  company  re¬ 
cently  experimented  with  commercial  dehydration  for  possible  development 
of  a  feed.  The  dehydrated  meal  contained  from  7  to  8  percent  protein. 

About  two  tons  of  prickly  pear  blossoms  are  collected  for  use  in  cactus 
perfume  annually.  Some  prickly  pear  fruits  are  also  used  for  making  cactus 
jellies. 

CHOLLA  CACTUS 

The  cholla  cacti  also  are  members  of  the  genus  Opuntia.  They  differ  from 
the  prickly  pears  by  having  stems  composed  of  a  series  of  needled  cylindrical 
joints.  They  are  abundant  throughout  the  American  and  Mexican  desert 


areas. 
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TREE  CHOLLA  in  southern  New  Mexico. 


Cholla  cacti  are  a  serious  grazing  problem  in  many  locations.  In  some 
areas,  especially  in  Arizona,  Cholla  "forests”  have  literally  taken  over  the 
range. 

No  major  uses  have  been  found  for  cholla.  The  gum  is  used  in  Mexico 
as  a  size  and  cloth  stiffener.  The  meshed  framework  of  the  stems  is  used  to 
make  canes,  lampshades  and  other  interesting  novelties. 

OTHER  PLANTS 

A  number  of  other  desert  plants  have  yielded  various  alkaloids,  essential 
oils  and  saponins.  Considerable  work  remains  to  be  done  to  evaluate  the 
possibilities  of  utilizing  these  substances.  In  addition,  a  tremendous  amount 
of  study  is  needed  on  desert  plants  which  have  never  received  any  chemical 
study. 


CONCLUSION 

The  foregoing  constitutes  a  brief  survey  of  the  field  of  desert  plant 
utilization.  Most  of  that  which  has  been  achieved  has  been  accomplished  in 
spite  of  the  fact  that  the  research  efforts  to  date  have  been  rather  unco¬ 
ordinated  and  spasmodic.  In  view  of  possible  regional  losses  in  irrigation  and 
grazing  agriculture,  increased  study  of  arid  land  potentialities  appears  almost 
imperative. 

It  is  obvious  that  our  desert  plants  will  provide  increasing  economic 
value  during  the  coming  years.  It  would  be  extremely  over-optimistic  to 
assume  that  this  will  be  more  than  a  supplement  to  existing  agricultural  in¬ 
come.  However,  in  a  sense,  the  better  utilization  of  our  arid  lands  and  arid 
land  plants  constitutes  an  agricultural  frontier. 
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Science  and  Humanism;  Physics  in  Our  Time.  Erwin  Schrodinger.  Cambridge  University 

Press.  8s.  6d. 

Professor  Schrodinger’s  new  book  belongs  to  that  almost  unclassifiable 
group  stretching  from  the  borders  of  science  to  the  borders  of  philosophy 
and  even  of  theology;  it  is  short  and  its  argument  so  condensed  and  con¬ 
centrated  that  it  has  to  be  read  with  the  utmost  care.  It  contains  four  lec¬ 
tures  delivered  at  University  College,  Dublin,  under  the  auspices  of  the 
Dublin  Institute  for  Advanced  Studies,  in  1950;  but  it  is  doubtful  how 
much  was  understood  by  the  audience  who  listened  to  the  lectures  in  their 
original  form. 

The  message  of  the  book  is  not  easy  to  convey  in  brief  compass,  though 
there  can  be  little  doubt  about  its  provocative  qualities.  The  author  is  con¬ 
cerned  partly  to  answer  such  philosopher-scientists  as  Bohr  and  Heisenberg, 
whose  view  of  the  fashionable  "uncertainty  principle”  he  wishes  to  contro¬ 
vert,  and  partly  to  make  out  a  case  for  a  less  rigid  specialism  among  scientific 
research  workers  and  their  pupils.  To  the  general  reader,  indeed,  it  will  be 
the  early  part  of  the  book  which  seems  most  important,  for  here  Professor 
Schrodinger  is  arguing  for  a  wider  vision  among  scientists,  for  a  recognition 
that  concentration,  not  merely  on  one  science  but  on  one  narrow  aspect  of 
that  science,  is  bad  for  science  and  for  humanity  as  a  whole.  He  quotes, 
with  telling  force,  the  writings  of  Jose  Ortega  y  Gasset,  and  goes  on  to 
point  out  that  in  his  opinion  a  lecturer  in  a  university  should  see  his  own 
subject  as  part  (but  only  part)  of  a  grand  corpus  of  knowledge. 

This  connects  with  Professor  Schrodinger’s  opinion  (already  expressed 
elsewhere,  but  repeated  with  clarity  here)  that  science  is  not,  as  so  many 
people  think,  a  kind  a  philosophy  of  "gadgets,”  designed  to  give  humanity 
such  useful  things  as  the  telephone  and  the  gramophone,  the  radio  and  the 
television  set.  In  his  opinion  science  is  a  method  of  investigating  the  uni¬ 
verse  and  as  such  is  a  subject  for  study  strictly  comparable  with  what  are 
usually  called  the  humanities. 

All  the  general  matter  of  the  book  is  actually  contained  in  its  first 
1 1  pages;  the  later  part  is  concerned  with  applying  these  philosophical  ideas 
to  that  realm  of  theoretical  physics  which  has  been  Professor  Schrodinger’s 
special  field  of  study  for  many  years  past.  And  if  some  readers  find  the  final 
passages  of  the  volume  less  satisfying  than  the  beginning,  this  may  in  part 
be  attributed  to  the  fact  that  Professor  Schrodinger,  however  valiantly  he 
tries,  is  unable  altogether  to  transcend  his  own  specializations.  Certainly 
the  opening  pages  of  the  volume  will  be  memorable  for  their  discussion  of 
the  value  of  pure  research;  here  they  will  remind  many  of  the  recent  writ¬ 
ings  of  Professor  Polanyi,  while  the  author’s  discussion  of  the  subject-object 
relationship  appears  to  owe  something  to  that  widely  discussed  volume  of 
some  years  ago,  Dr.  Martin  Buber’s  "I  am  Thou.” 

One  of  the  most  striking  intellectual  phenomena  of  the  mid-twentieth 
century  is  the  way  in  which  writers  learned  in  separate  branches  of  know¬ 
ledge  find  themselves  coming  together  and  tending  towards  a  new  synthesis 
of  ideas.  Certainly  Professor  Schrodinger  will  be  found,  when  the  history 
of  the  philosophy  of  these  days  comes  to  be  written,  to  have  contributed 
in  no  small  degree  to  that  growing  synthesis. 


— Courtesy  Dallas  Museum  of  Natural  History 


Tl  ie  Dallas  Museum  of  Natural  History 


located  on  the  State  Fair  Grounds  by  the  City  of  Dallas  in  1936,  at 
cost  of  $2  50,000  as  a  part  of  the  City’s  participation  in  the  Centennial 
Celebration  of  that  year,  the  Dallas  Museum  of  Natural  History  confines 
its  field  of  exhibition  to  the  natural  history  of  Texas  with  particular  emphasis 
on  biotic  environments  and  their  bird  and  mammal  inhabitants. 

While  others  are  continually  being  added,  the  Museum  now  has  on 
exhibition  45  accurate  habitat  reproductions,  all  of  which,  have  been  exe¬ 
cuted  with  the  most  modern  of  museum  techniques.  From  them  the  visitors 
may  obtain  a  cross-sectional  view  of  the  highly  diversified  geographical  and 
faunal  aspects  of  the  State.  The  pictures  that  follow  illustrate  a  number  of 
these  groups. 
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— Courtesy  Dallas  Museum  of  Natural  History 


ward’s  heron — a  larger  and  paler  edition  of  the  Great  Blue  Heron, 
is  widely  distributed  along  the  Gulf  Coast,  rarely  being  found  far  inland. 
It  frequents  coastal  waters  and  apparently  prefers  the  quiet  inland  bays  to 
the  Gulf  beaches.  Standing  motionless  in  the  margin  of  some  shallow  lake  or 
lagoon  it  waits  patiently  until  some  unwary  fish  sails  by,  then  out  shoots 
the  long  neck,  tipped  by  the  javelin-like  beak,  and  the  fish,  unless  it  is  very 
large,  disappears  in  the  twinkling  of  an  eye.  Ward’s  Herons  nest  all  along 
our  coast,  and  the  scene  shown  here  is  a  reproduction  of  a  portion  of  a 
colony  nesting  near  Port  Isabel. 
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reddish  egrets  are  rather  widely  distributed  in  Texas  at  the  present 
time,  although  once  very  scarce,  apparently  almost  approaching  extinction. 
They  are  common  along  the  shores  of  the  shallow  bays,  where  they  fish  in 
company  with  the  other  waders.  This  scene,  reconstructed  from  a  nesting 
colony  near  Rockport,  shows  several  variations  in  plumage.  The  white  indi¬ 
vidual  at  the  left  illustrates  a  bird  once  considered  a  distinct  species,  Peale  s 
egret.  However,  it  is  now  known  to  be  only  a  color  variant  of  the  Reddish 
Egret. 


—Courtesy  Dallas  Museum  of  Natural  History 


like  herons  and  other  ibises,  the  White  Ibis  Is  fond  of  the  marshes,' 
swamps,  lakes,  and  ponds  in  the  river  bottom.  The  flights  of  this  bird  in  the 
morning  and  evening  are  an  attractive  part  of  Texas  bird  life.  Rather  shy 
and  difficult  to  study,  the  white  ibis  is  interesting.  They  sometimes  gather 
into  flocks  of  considerable  size,  particularly  when  roosting,  at  times  other 
than  the  breeding  season.  There  are  large  rookeries  of  these  birds  at  various 
points  along  our  coast.  This  group  represents  a  small  nesting  colony  on  the 
Colorado  River. 
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— Courtesy  Dallas  Museum  of  Natural  History 


prairie  dogs  were  once  numerous  in  Texas.  Bartlett,  who  travelled  here 
over  a  hundred  years  ago,  notes  that  between  Camp  and  Brady’s  Creeks,  he 
encountered  a  colony  "of  the  misnamed  'prairie  dogs,’  which  extended  in 
every  direction  as  far  as  the  eye  could  reach.”  "In  one  instance  I  saw  a 
rattlesnake  enter  one  of  the  habitations  .  .  .  Small  brown  owls  flitted  about, 
and  lit  on  the  little  hillocks  in  the  midst  of  the  prairie  dogs,  with  which 
they  seemed  to  be  on  good  terms.”  Today,  although  prairie  dogs  are  rapidly 
disappearing  from  the  Texas  scene,  both  they  and  burrowing  owls  may  still 
be  found  in  West  Texas.  Those  used  in  this  diorama  came  from  near  Wichita 
Falls. 
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THE  anhinga  or,  as  it  is  variously  called,  snake  bird,  water-turkey,  or 
darter,  is  one  of  the  most  grotesque,  but  at  the  same  time  one  of  the  most 
interesting,  of  our  larger  water  birds.  Fond  of  swamps,  marshy  lakes,  and 
bayous,  it  is  often  seen  sitting  on  some  perch  near  the  water,  or  swimming 
with  its  body  submerged,  only  the  snake-like  neck  and  head  appearing  above 
the  surface.  Although  awkward-appearing  on  land,  it  is  a  remarkable  flier, 
soaring  for  long  periods,  sometimes  in  circles  like  a  hawk.  Its  food  consists 
mainly  of  fishes,  which  it  is  well  equipped  to  catch,  but  the  anhinga  will 
also  dine  on  shrimp,  lizards,  snakes,  aquatic  insects,  crawfish,  and  even  small 
turtles.  This  nesting  scene  was  at  Caddo  Lake. 
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Courtesy  Dallas  Museum  of  Natural  History 


the  favorite  home  of  the  badger  is  on  grassy,  or  brush  grown  plains, 
where  there  is  an  abundance  of  mice,  pocket-gophers,  ground  squirrels,  prairie 
dogs,  or  other  small  mammals.  There  it  wanders  far  and  wide  at  night, 
searching  for  the  small  rodents  which  are  its  prey.  These  it  digs  from  their 
holes  in  remarkably  short  order.  Although  a  member  of  the  weasel  family, 
the  badger  is  so  slow-footed  a  man  can  easily  overtake  it.  When  brought  to 
bay  it  fights  viciously,  and  most  dogs  have  little  chance  of  overcoming  it. 
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-  Courtesy  Dallas  Museum  of  Natural  History 


in  former  years  Texas  prairies  were  inhabited  by  millions  of  prairie 
chickens,  of  three  different  species.  Those  in  this  exhibit  are  Lesser  Prairie 
Chickens  which  formerly  ranged  over  most  of  the  plains  region  of  Western 
Texas,  north  and  east  of  a  line  from  Loving  and  Pecos  counties  to  Concho, 
Callahan,  and  Clay.  At  present  they  are  restricted  to  local  areas  in  the  Pan¬ 
handle,  particularly  along  the  New  Mexico  line.  The  Lesser  Prairie  Chicken 
is  smaller  and  paler  in  color  than  Attwater’s,  which  occurs  only  in  the  coastal 
areas  from  Jefferson  to  San  Patricio  counties.  The  third  form,  the  Greater 
Prairie  Chicken,  has  been  completely  exterminated  in  Texas.  The  Lesser 
Prairie  Chickens  in  this  exhibit  came  from  a  small  flock  which  still  forages 
over  the  shin-oak  prairie  in  Hemphill  County. 
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javelinas,  or  collared  peccaries,  are  our  only  native  American  wild 
hogs.  Formerly  they  ranged  over  a  large  portion  of  Texas,  but  are  now  found 
only  in  South  Texas  and  the  Big  Bend  area.  Javelinas  can  evidently  go  with¬ 
out  water  for  considerable  periods  if  they  can  get  succulent  cacti  and  other 
plants.  Although  the  original  Texas  population  has  been  considerably  reduced, 
peccaries  do  not  appear  to  be  in  any  danger  of  extermination,  the  state  having 
close  to  40,000  if  the  last  game  census  is  correct.  Those  in  the  picture  came 
from  Pecos  County,  below  Fort  Stockton. 
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■ — Courtesy  Dallas  Museum  of  Natural  History 


Audubon’s  caracara,  sometimes  called  the  "Mexican  Eagle,”  is  one  of 
the  more  strikingly-colored  Texas  birds  and  while  not  common,  is  occasion¬ 
ally  seen  along  the  roadside,  feeding  on  carrion,  like  vultures.  They  are  birds 
of  the  prairie  and  brush  country.  Straightaway  flight  is  often  sluggish  ap¬ 
pearing,  with  alternate  flappings  and  sailings,  but  at  times  is  strong,  rapid, 
and  direct.  It  frequently  skims  low  over  the  ground,  and  at  other  times 
circles  high  overhead.  While  most  hawks  hop,  the  Caracara  walks  and  at 
times  runs  with  considerable  speed.  These  shown  here  were  from  the  Guada¬ 
lupe  River  bottom. 
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-Courtesy  Dallas  Museum  of  Natural  History 


mearn’s  or  fool  quail,  shown  in  this  diorama,  is  unique  among  North 
American  quails.  Known  by  other  names  such  as  Black  Quail,  Massena  Par¬ 
tridge,  and  Montezuma  Quail,  its  hereditary  range  comprised  practically  all 
of  the  hills,  canyons,  and  mountains  in  West-Central  Texas  and  the  Trans- 
Pecos  region.  Today  it  is  practically  extinct  east  of  the  Pecos,  and  is  found 
in  normal  numbers  only  in  the  Davis  Mountains  and  parts  of  the  Big  Bend. 
This  species  is  probably  the  most  intolerant  of  civilization  of  all  our  quails. 
Under  present  land  use  it  has  the  best  chance  of  survival  in  remote,  inacces¬ 
sible,  rugged  places  unattractive  to  livestock,  or  where  certain  species  of 
hardy  bunch  grasses  remain  in  spite  of  overgrazing.  These  came  from  the 
"Basin”  in  the  Chisos  Mountains. 
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-Courtesy  Dallas  Museum  of  Natural  History 


barn  owls  range  over  most  kinds  of  country,  but  are  less  common 
in  dense  forests,  although  they  do  occur  in  swamps  and  similar  places.  This 
exhibit  in  the  Dallas  Museum  shows  a  pair  from  the  breaks  of  the  Canadian 
River,  in  Roberts  County.  They  are  fond  of  living  in  church  steeples  and 
towers  of  buildings  where  they  can  find  an  out-of-the-way  nook.  Barn  owls 
are  probably  the  most  beneficial  members  of  this  group.  Their  food  consists 
largely  of  mice  and  rats,  with  an  occasional  shrew,  pocket  gopher,  or  ground 
squirrel  thrown  in  for  good  measure.  Very  few  birds  are  in  its  bill  of  fare, 
and  it  almost  never  touches  poultry  or  game  birds. 
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barred  owls  have  a  rather  wide  distribution.  This  species  inhabits 
chiefly  the  deep  woods  and  swamps,  particularly  the  timbered  bottom  lands. 
It  spends  most  of  the  daylight  hours  resting  in  some  hollow  tree  or  among 
dense  foliage.  One  of  its  strangest  and  most  astonishing  characteristics  is  its 
remarkable  vocal  performances.  Ordinarily  its  call  differs  little  from  that 
of  the  Great  Horned  Owl,  although  it  uses  a  greater  number  of  notes,  and 
they  are  more  varied  in  character.  However,  it  has  other  and  more  startling 
calls.  Sometimes  these,  coming  from  a  swamp  or  deep  woods,  resemble  noth¬ 
ing  so  much  as  the  ravings  and  laughter  of  a  maniac. 
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sennetts*  white-tailed  hawk  occurs  only  in  Texas,  Central  and 
South  America.  Potentially  beneficial,  its  range  in  the  United  States  is  too 
limited  to  make  it  of  economic  importance.  It  is  a  handsome  bird,  with 
shining  white  breast,  gray  head  and  back,  rufous  shoulders,  and  a  white  tail 
with  a  broad,  black  band  near  the  end.  Among  this  group  of  hawks,  (the 
Buzzards)  it  has  the  longest  and  narrowest  wings  in  proportion  to  its  bulk 
and  the  shortest  tail.  This  gives  it  a  graceful  flight,  more  so  even  than  that 
of  Swainsons’  hawk,  which  it  resembles  in  its  proportions.  Its  favorite  habitat 
embraces  both  grassy  ranges  and  chaparral  country.  This  pair  came  from 
Colorado  County. 
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gray  foxes  like  these  from  western  Dallas  County  are  found  through¬ 
out  the  brushy,  wooded  areas  of  East  Texas,  in  the  pastures  and  breaks  of 
the  Edwards  Plateau  and  in  the  rolling  sandy  country  of  North  Texas.  Favor¬ 
ite  of  fox  hunters  in  the  eastern  part  of  the  state,  it  is  protected  in 
many  counties  throughout  the  entire  year.  Elsewhere  a  bounty  is  offered 
for  its  destruction.  Its  food  is  mainly  cottontail  rabbits  and  miscellaneous 
smaller  rodents.  Birds  are  frequently  eaten,  especially  in  winter.  Lizards, 
insects,  carrion,  and  wild  fruits  all  form  a  portion  of  its  diet.  Less  than  six 
out  of  several  hundred  stomachs  analyzed  showed  any  evidence  of  game 
birds  having  been  eaten. 
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Raindrop  Striking  Soil  Covered  With  Water 


Courtesy  U.  S.  Navy,  Bureau  of  Yards  and  Docks 
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RAIN  AND  EROSION 

BEN  OSBORN 

Soil  Conservationist,  Soil  Conservation  Service 
San  Angelo.  Texas 

Rains  cause  soil  erosion  in  two  ways:  (1)  the  falling  raindrops  beating 
upon  the  land  surface  dislodge  the  soil  and  splash  it  about,  and  (2)  runoff 
water  picks  up  the  dispersed  materials  and  carries  them  away.  When  runoff 
has  sufficient  velocity,  it  also  dislodges  soil  particles  from  their  original  posi¬ 
tions  and  adds  them  to  its  moving  cargo. 

The  protection  of  Texas’  soil  resources  from  erosion  by  water  requires 
measures  to  oppose  both  these  distinct  actions  of  rainstorms.  Since  the  forces 
involved  in  the  two  forms  of  rain  water  on  the  land  are  so  different,  the 
measures  to  control  them  must  also  be  different.  Each  kind  of  land  requires 
its  own  peculiar  combination  of  protective  measures  in  accordance  with  its 
relative  susceptibility  to  the  effects  of  rainfall  and  runoff. 

An  understanding  of  the  processes  involved  in  water  erosion,  and  the 
factors  affecting  them,  will  aid  in  formulating  an  effective  conservation 
program  to  meet  the  needs  of  each  parcel  of  land. 

EROSION  PROCESSES  AND  FACTORS 

By  definition,  erosion  is  the  wearing  away  of  a  material  by  an  erosive 
agent.  As  applied  to  land,  erosion  by  water  and  wind  are  recognized  to  be 
of  two  categories  (Bennett  1939):  (1)  normal,  or  geologic,  erosion,  which 

is  a  natural  feature  of  landscape  dynamics,  and  (2)  accelerated,  or  soil, 
erosion  which  is  the  same  process  speeded  up  many-fold  by  man’s  activities 
or  other  disturbance  of  the  natural  scene.  Accelerated  soil  erosion  is  largely 
a  consequence  of,  and  one  of  the  principal  menaces  to,  agricultural  activity. 
It  is  with  the  latter  that  we  are  concerned. 

In  the  modern  agricultural  concept  of  erosion,  the  term  has  been 
broadened  to  include  related  processes  of  land  deterioration,  such  as  depletion 
of  fertility  and  loss  of  desirable  physical  structure  of  the  soil.  In  the  strict 
sense,  however,  erosion  is  the  removal  of  soil  materials  from  one  place  to 
another  by  water,  wind,  or  other  agents. 

As  early  as  1894,  Udden  recognized  three  steps  in  erosion  by  wind: 

(1)  initiation  of  the  movement  of  soil  particles,  (2)  their  transport,  and 
( 3 )  their  deposition.  The  same  analysis  can  logically  be  made  of  erosion  by 
water. 

Ellison  (1947)  applied  this  approach  in  describing  the  erosion  process 
as  consisting  of  two  principal,  sequential  events:  (1)  detachment,  and 

(2)  transportation.  Deposition,  the  third  event  in  the  series,  is  passive  and 
may  be  regarded  as  more  or  less  automatic  as  the  force  responsible  for  trans¬ 
portation  is  dissipated  until  its  load  is  dropped. 

This  is  a  dynamic  concept  of  erosion,  which  regards  it  as  work  per¬ 
formed  by  various  active  agents  exerting  kinetic  energy  on  the  land.  The 
amount  of  work  performed  is  a  function  of  the  amount  of  energy  applied 
and  the  susceptibility  or  resistance  of  the  soil  and  its  protective  cover. 

Applying  this  concept,  Cook  (1936)  pointed  out  that  three  major 
physical  factors  are  involved  in  the  erosion  process  by  water: 
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'"1.  The  soil,  which  is  the  factor  acted  upon  by  the  process. 

”2.  Water,  which  in  the  form  of  rainfall  and  runoff  is  the  active  agent 
in  the  process. 

”3.  The  plant  (i.e.,  cover),  which  acts  as  nature’s  intervener  in  the 
process.” 

These  act  as  independent  variables,  and  may  be  measured  in  terms  of 
(1)  the  erodibility  of  the  soil,  (2)  the  erosivity  of  the  water,  and  (3)  the 
prctectivity  of  the  cover.  The  amount  of  erosion  in  any  situation  is  a  func¬ 
tion  of  these  interacting  variables. 

Cook  recognized  the  two  distinct  actions  of  rain  water  in  the  erosion 
process:  (1)  that  of  the  falling  raindrops,  and  (2)  that  of  the  surface 

flow  or  runoff.  Further  development  of  this  viewpoint  has  come  from  the 
work  of  Cook  and  Parsons,  Laws  (1940,  1941),  Borst  and  Woodburn 
( 1942) ,  Ellison  (1944  et  al) ,  and  others. 

The  distinctive  actions  of  raindrops  and  runoff  derive  from  the  different 
directions  in  which  their  kinetic  energy  is  applied  to  the  land  surface.  The 
energy  of  raindrops  strikes  the  soil  from  a  vertical  direction,  while  that  of 
flowing  water  moves  horizontally  over  it.  The  nature  of  the  work  per¬ 
formed  and  the  direction  in  which  dislodged  particles  are  moved  are  distinctly 
different.  Their  effects  are  known  respectively  as  splash  erosion  and  scour 
erosion. 

Since  the  two  steps  of  detachment  and  transportation  are  involved  in 
each  form  of  erosion,  the  three  governing  factors  of  soil,  rain,  and  cover 
need  to  be  considered  in  relation  to  each.  The  relationships  of  these  variables 
in  the  erosion  process  are  indicated  in  table  1. 

The  forms  of  water  erosion  have  been  further  classified  by  B:nnett 
(1939)  as  (1)  sheet  erosion,  (2)  rill  erosion,  and  (3)  gully  erosion.  Both 
splash  and  scour  erosion  are  involved  to  varying  degrees  in  all  three  forms, 
the  importance  shifting  from  the  former  to  the  latter  as  surface  flow  is 
concentrated  more  and  more  into  channels.  In  fact,  the  three  forms  men¬ 
tioned  above  may  better  be  regarded  as  progressive  stages  in  the  work  of 
the  same  dynamic  processes  on  the  land. 

We  shall  discuss  the  erosion  activities  of  rain  in  the  order  in  which 
they  occur. 


TABLE  1 - PROCESSES  AND  FACTORS  IN  EROSION  BY  WATER 


Processes 

EROSION 

ERODIBILITY 

of 

Soil 

Factors 

EROSIVITY 

of 

Rain 

PROTECTIVITY 

of 

Cover 

I.  Splash  Erosion 

I.  Susceptibility  to 
Splash  Erosion 

I.  Rainfall 

1.  Detachment 

1.  Detachability 

1.  Detaching 

by  raindrops 

capacity 

Effectiveness  in 

2.  Transportation 

2.  Transportability 
by  raindrops 

2.  Transporting 
capacity 

reducing  splash 

II.  Scour  Erosion 

II.  Susceptibility  to 
Scour  Erosion 

II.  Runoff 

1.  Detachment 

1.  Detachability 

1.  Detaching 

by  surface  flow 

capacity 

Effectiveness  in 

2.  Transportation 

2.  Transportability 
by  surface  flow 

2.  Transporting 
capacity 

retarding  runoff 
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SPLASH  EROSION 

The  first  effect  of  a  rainstorm  on  the  land  is  through  the  impact  of  the 
falling  drops.  They  gouge  and  splatter  the  exposed  soil  like  so  many  little 
bombs.  They  shatter  clods  and  granules,  reducing  them  to  their  component 
particles.  They  splash  soil  into  the  air,  frequently  to  a  height  of  2  or  3  feet 
and  to  a  horizontal  distance  of  5  feet  or  more.  After  the  land  becomes  cov¬ 
ered  with  water,  the  raindrops  create  turbulence  in  the  sheet  flow  and  set 
the  dispersed  materials  into  motion.  All  these  effects  accomplish  the  first 
step  of  the  erosion  process,  detachment  or  initiation  of  the  movement  of 
soil  particles. 

On  gentle  slopes  outside  of  rills  and  gullies,  where  splash  erosion  is  the 
predominant  form  of  soil  movement,  the  effects  of  this  process  can  be  seen 
plainly  after  a  hard  rain.  Soil  pedestals,  each  capped  by  a  pebble  or  other 
object  which  protected  the  area  beneath  (Fig.  2),  show  the  extent  of  soil 
removal.  Each  of  these  pedestals  conforms  exactly  in  cross  section  to  the 
shape  of  its  protecting  cover.  This,  and  the  fact  that  the  soil  columns  are 
not  undercut  from  the  sides,  demonstrates  that  the  force  which  formed 
them  was  applied  vertically  from  above,  rather  than  horizontally.  If  the 


FIG.  2 — SOIL  PEDESTALS  carved  by  raindrops  conform  to  shape  of  pebbles  which 
cap  them  and  lean  in  direction  of  the  rain. 
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rain  was  driven  by  a  wind,  the  columns  lean  in  a  direction  to  conform  to  the 
angle  of  impact  of  the  drops.  This  identifies  these  pedestals  as  primarily  the 
product  of  raindrop  action  rather  than  of  surface  flow. 

On  much  of  the  land  area  and  in  many  storms,  the  energy  involved  in 
the  impact  of  the  drops  exceeds  that  in  the  runoff.  The  dead  weight  of  1 
inch  of  water  on  an  acre  of  land  is  nearly  110  tons.  This  weight,  falling  in 
the  form  of  millions  of  individual  drops,  which  may  range  in  size  up  to  % 
inch  in  diameter  and  have  a  velocity  in  excess  of  3  0  feet  per  second,  strikes 
with  terrific  force.  Studies  of  summer  rain  storms  in  Japan  showed  that  the 
force  of  the  falling  raindrops  at  point  of  impact  may  be  as  much  as  10,000 
im.es  that  of  the  surface  runoff  (Mihara  1951). 

It  has  been  calculated  that  the  energies  of  a  2-inch  rain  may  reach  6 
million  foot-pounds  per  acre  (Nichols  and  Gray  1941).  This  energy,  if  it 
could  be  applied  at  once,  is  sufficient  to  lift  a  7  inch  layer  of  soil  3  feet  into 
the  air.  The  energy,  and  the  resultant  capacity  of  raindrops  to  move  soil,  are 
distributed  through  the  duration  of  the  storm  in  accordance  with  the  charac¬ 
ter  and  intensity  of  the  rainfall.  Measurements  under  field  conditions  by  the 
Soil  Conservation  Service  in  Texas  show  that  a  2  inch  rain  may  detach  more 
than  110  tons  of  soil  per  acre  (Osborn  1952b). 

The  explosive  power  of  drops  striking  the  land  is  revealed  by  high¬ 
speed  photographs  of  individual  drops.  Motion  pictures  of  falling  water  drops 
made  by  Edgerton,  Germehausen,  and  Grier  at  the  Massachusetts  Institute 
of  Technology  (Laws  1940)  permitted  observation  of  actions  that  in  nature 
are  too  rapid  for  the  unaided  eye  to  see. 

These  photographs  showed  that  a  raindrop  is  not  "teardrop-shaped55  as 
popularly  supposed,  but  it  is  a  somewhat  flattened  sphere.  When  it  strikes 
dry  earth,  it  sends  particles  of  soil  or  globules  of  mud  hurtling  in  all  direc¬ 
tions.  The  quantity  of  material  splashed,  and  the  trajectories  of  the  par¬ 
ticles,  vary  with  different  kinds  of  soil. 

The  character  of  the  splash  changes  after  the  soil  becomes  wet.  If  the 
drop  strikes  a  film  of  water  on  the  surface,  its  sends  up  a  geyser,  several 
times  the  size  of  the  drop  in  diameter  and  height  (Fig.  3).  This  explosive 
action  throws  soil  and  water  into  the  air,  and  creates  turbulence  in  the 
surface  water  which  keeps  the  dislodged  soil  in  suspension. 

Laws  (1941)  measured  the  fall-velocity  of  such  drops  and  found  that 
large  raindrops  reach  their  maximum  speed  of  about  30  feet  per  second  after 
a  fall  of  about  3  5  feet.  The  physical  properties  of  raindrops  have  been  studied 
by  a  number  of  investigators.  Characteristics  significant  in  the  erosion  process 
are  summarized  in  a  recent  publication  of  the  Soil  Conservation  Service  (Ben¬ 
nett  et  al  1951). 

More  recent  photographs  made  in  the  Naval  Research  Laboratory  at 
Washington,  D.C.,  show  successive  stages  in  the  fall,  impact,  and  reactions 
of  individual  drops  striking  soil  covered  with  different  amounts  of  water 
(Ellison  1950).  The  drops  used  in  these  experiments  were  5.5  mm.  in 
diameter  and  fell  from  a  height  of  6.5  feet.  Consequently,  their  velocity 
and  force  of  impact  were  considerably  less  than  those  of  large  natural  rain¬ 
drops. 

Nevertheless,  such  a  drop  falling  in  3/g  inches  of  water,  raises  a  geyser 
l/z  inches  in  diameter  at  its  base  (Fig.  1).  At  a  height  of  about  1  inch,  the 
column  of  water  closes,  forming  a  suction  cup  not  unlike  the  familiar 
"plumber’s  friend55,  which  draws  soil  colloids  and  soluble  materials  into 
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suspension.  As  the  water  falls  back,  it  sets  up  concentric  waves  which  lift 
the  suspended  soil  particles  again  and  again.  The  constant  churning  of  these 
drops  during  a  rain  keeps  dislodged  soil  and  fertility  in  motion  so  they  may 
be  carried  away  by  the  surface  flow,  even  though  it  be  moving  slowly. 

If  the  film  of  water  is  thinner,  about  l/l 6  inch  thick,  the  column 
thrown  up  by  the  drop  does  not  close  at  the  top  (Fig.  4).  Rather,  the  sides 
are  vertical,  and  break  apart  at  the  top  into  droplets  which  fly  in  all  direc¬ 
tions.  The  last  of  the  droplets  from  each  splash  are  heavily  charged  with 
soil. 

On  wet  soil  without  a  covering  of  water  (Fig.  4),  the  drop  gouges  out 
a  crater,  as  much  as  an  inch  in  diameter,  and  the  displaced  mud  is  thrown 
outward  from  its  edges.  About  one-third  of  the  energy  of  the  drop  is  ex¬ 
pended  in  generating  splashes;  the  remainder  compresses  and  pushes  aside  the 
soil  beneath  the  impact  (Miliar a  1951). 

AMOUNT  OF  SOIL  SPLASHED 

The  amount  of  soil  set  in  motion  by  raindrops  beating  on  the  land 
depends  upon  (1)  the  force  of  the  rain,  (2)  the  character  of  the  soil,  and 

gjgi  npiup 
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FIG.  3 — RAINDROP  STRIKING  flooded  soil  surface  sends  up  geyser  of  water 
and  mud,  greatly  magnified  in  this  high-speed  photograph. 
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Courtesy  U.  S.  Navy,  Bureau  of  \arus  anu  jjocks 

FIG  .4 — SPLASHES  DIFFER  in  shape  as  drops  strike  a  thin  film  of  water  (left)  and 
wet  soil  ( right ) .  Note  crater  left  in  the  mud  at  the  conclusion  of  each  splash. 
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(3)  the  protective  value  of  any  cover  present.  In  the  absence  of  cover,  the 
two  factors  of  detaching  capacity  of  the  rain  and  detachability  of  the  soil 
govern  the  amount  of  detachment. 

Since  the  detachability  of  the  soil  varies  widely  with  its  physical  pro¬ 
perties,  a  standard  laboratory  sand  of  uniformly  high  detachability  is  used 
to  measure  the  detaching  capacity  of  rainfall.  A  weighed  sample  of  the  sand 
is  exposed  to  the  rain,  then  oven-dried  and  reweighed.  The  container,  a  splash 
cup  3  /i  inches  in  diameter,  is  small  enough  that  practically  all  the  sand 
dislodged  by  the  drops  is  thrown  clear  of  the  cup  (Fig.  5).  The  difference 
in  weight  of  the  sample  before  and  after  exposure  indicates  the  amount 
detached. 

The  detaching  capacity  of  a  rain  varies  widely  with  the  amount  and 
character  of  the  rainfall.  An  inch  of  rain  falling  as  large  drops  in  a  hard 
thunder  shower  would  have  many  times  the  impact  of  the  fine  drops  in  a 
drizzle  lasting  several  hours.  Detaching  capacity  is  a  function  of  three  fac¬ 
tors:  (1)  velocity  of  the  drops  as  they  strike  the  soil,  (2)  diameter  of  the 
drops,  and  (3)  amount  and  intensity  of  rainfall  (Ellison  1944,  1947). 
Velocity,  in  turn,  is  a  function  of  drop  size  and  distance  of  fall.  In  natural 
rains,  the  force  of  the  wind  may  add  to  the  velocity  of  the  drops  and  affect 
their  angle  of  impact  with  the  soil. 


Courtesy  U.  S.  Soil  Conservation  Service 


FIG.  5 — STANDARD  SAND  in  splash  cup  after  exposure  to  rain  preserves  im¬ 
prints  of  the  drops.  Cup  was  level  full  before  rain. 
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Courtesy  U.  S.  Soil  Conservation  Service 


FIG.  6 — RAINDROP  APPLICATOR  used  to  test  protective  value  of  range  and 
cropland  cover  showers  water  drops  on  plot  beneath  tower. 
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The  detaching  capacity  of  natural  rains  at  San  Angelo,  Texas,  measured 
in  1948  to  1950,  ranged  from  amounts  almost  too  small  to  detect  to  a  maxi¬ 
mum  of  1  15,200  pounds  of  standard  sand  per  acre.  The  rain  of  maximum 
detaching  capacity  was  not  the  largest  rain,  but  one  of  high  intensity  and 
accompanied  by  a  driving  wind.  This  rain  of  1.5  inches  reached  an  intensity 
of  7.2  inches  per  hour  during  the  peak  10-minute  period. 

A  mobile  raindrop  applicator  used  by  the  Soil  Conservation  Service  to 
measure  soil  splash  under  field  conditions  was  standardized  to  deliver  a  test 
application  of  water  with  a  detaching  capacity  of  110,000  pounds  per  acre 
(Fig.  6).  This  consisted  of  2  inches  of  water  applied  in  20  minutes,  in  the 
form  of  drops  approximately  5  mm.  in  diameter  falling  a  uniform  distance 
of  14  feet. 


SPLASH  ON  BARE  SOILS 

Some  indication  of  the  erosion  hazards  of  such  a  rain  on  exposed  soils 
was  given  by  results  of  tests  on  bare  field  plots  with  the  raindrop  applicator. 
Splash  on  croplands  by  the  standard  application  of  water  ranged  up  to 
225,565  pounds  of  soil  per  acre,  and  on  range  and  pasture  land  up  to  160,340 
pounds  per  acre  (Table  2). 


TABLE  2 

SPLASH  FROM  BARE  SOILS 


Average  detachment  of  soil  per  acre  from  bare 
plots  by  standard  test  with  raindrop  applicator 


Site 

Cropland 

Range  and 

(Area  and  Soil  Unit) 

Pastures 

CLAYS  AND  CLAY  LOAMS 

Lb. 

Lb. 

Black  land  2a 

57068 

52622i> 

Trans-Pecos  2 

160339 

Edwards  Plateau  2 

95872 

31946 

Grand  Prairie  2 

70970 

Rolling  Red  Plains  2 

112490 

113792 

Trans-Pecos  2X 

76572 

SILTY  LOAMS 

Rolling  Red  Plains  5 

52090 

Rolling  Red  Plains  24 

62396 

SANDY  LOAMS 

Cross  Timbers  6 

126063 

18425° 
4773 6d 

Cross  Timbers  19 

47736 

Rolling  Red  Plains  7 

116519 

Rio  Grande  Plain  7 

26931 

Trans-Pecos  7 

76860 

High  Plains  7X 

87626 

SANDS 

Rolling  Red  Plains  12 

68986 

STANDARD  SANDe 

110000 

123000 

a  Numbers  refer  to  soil  units  as  classified  in 
b  Native  meadows 
c  Old  field  pastures 
d  Wooded  pastures 

farm  planning  soil 

conservation  surveys 

e  The  detaching  capacity  of  the  tests  differed 

in  cropland  and  rangeland  tests. 
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Detachment  on  individual  plots  varied  widely,  indicating  great  differ¬ 
ences  in  the  susceptibility  of  different  soils,  under  different  field  conditions, 
to  movement  by  raindrop  impact.  Compared  to  the  standard  sand  as  100%, 
the  detachability  of  range  and  pasture  soils  varied  from  4%  to  106%,  and 
of  croplands  from  30%  to  20  5%. 

These  different  soil  conditions  would  permit  a  rain  equivalent  to  the 
standard  test  to  set  in  motion  on  bare  fields  and  pastures  amounts  of  soil 
ranging  from  4,400  pounds  to  22  5,500  pounds  per  acre.  This  soil  would 
not  necessarily  be  lost  from  the  farm  or  ranch  because  of  having  been  de¬ 
tached,  but  it  would  be  available  to  be  carried  away  if  runoff  of  sufficient 
transporting  capacity  were  present — a  very  likely  possibility  on  sloping  land 
during  a  rain  of  such  intensity. 

EFFECT  OF  COVER  ON  SPLASH 

The  plant  cover  on  the  land  offers  natural  resistance  to  the  splash 
process.  To  the  extent  that  it  intercepts  the  drops  before  they  strike  the 
earth,  and  absorbs  the  energy  of  the  storm,  to  that  degree  the  amount  of 
soil  detached  is  reduced  from  the  potential. 

To  obstruct  the  vertical  force  of  the  raindrops,  the  important  property 
of  the  cover  is  its  ability  to  provide  a  complete  canopy  over  the  land.  This 
can  be  done  either  by  the  litter  lying  on  the  ground  or  by  standing  vegeta¬ 
tion,  provided  it  is  not  tall  enough  that  water  dripping  from  the  foliage  will 
have  sufficient  impact  to  cause  splash.  This  ''umbrella  for  the  land55  is  quite 
a  different  function  of  cover,  requiring  different  characteristics,  than  that  of 
retarding  surface  runoff. 

A  measure  of  the  effectiveness  of  cover  in  intercepting  raindrop  impact 
is  provided  by  comparing  the  amount  of  soil  splashed  beneath  a  given  sample 
of  vegetation  with  the  splash  from  the  same  soil  by  the  same  rain  in  the 
absence  of  cover  (Sreenivas  1947).  Extensive  measurements  of  protective 
values  of  different  amounts  of  range  and  cropland  covers  by  the  Soil  Conser- 


TABLE  3 

AMOUNTS  OF  COVER  REQUIRED  TO  CONTROL  SOIL  SPLASH 
Average  Amounts  for  Different  Degrees  of  Effectiveness 


Total  Weight  of  Cover 


Effect¬ 

Effective 

Mixed 

Ordinary 

Tall,  Coarse 

iveness 

Weight  of 

Short  Sod 

Range 

Crops  and 

Crops  and  Weeds 

Cover1 

Grasses 

Grasses 

Grasses 

% 

lb/ac 

lb/ac 

lb/ac 

lb/ac 

lb/ac 

98 

3,000 

4,000 

5,000 

6,000 

— 

97 

2,500 

3,000 

3,750 

5,000 

— 

95 

1,5002 

2,000 

3,000 

3,500 

6,000 

90 

1,000 

1,500 

2,000 

2,500 

4,000 

85 

750 

1,200 

1,600 

2,000 

3,000 

80 

600 

1,000 

1,400 

1,750 

2,250 

75 

500 

850 

1,200 

1,500 

1,800 

70 

400 

700 

1,100 

1,300 

1,500 

60 

300 

500 

900 

1,000 

1,100 

50 

200 

400 

750 

800 

900 

35 

100 

250 

500 

600 

600 

25 

50 

175 

400 

400 

400 

1  Total  weight  (lb/ac)  X  coverage  (%). 

2  2,000  lb/ac  for  tall,  coarse  crops  and  weeds;  cover  of  this  growth-form  ordinarily 
does  not  exceed  96%  effectiveness,  attained  when  effective  weight  is  3,000  lb/ac. 
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vation  Service  in  Texas  showed  that  the  effectiveness  index  was  proportional 
to  the  amount  of  cover  present  on  the  land  at  the  time  the  rain  occurred 
(Osborn  1952a). 

Either  total  weight  of  cover  or  percentage  of  surface  coverage  was  a 
satisfactory  measurement  of  amount  of  cover  and  in  most  cases  gave  good 
correlations  with  effectiveness  in  reducing  splash.  Variations  from  the  average 
trend  were  often  large  when  widely  different  growth  forms,  such  as  tall 
coarse  crops  and  short  sod-grasses,  were  involved.  When  both  weight  and 
coverage  were  considered,  by  combining  the  two  measurements  into  an  index 
of  "effective  weight”,  differences  in  growth  form  of  the  plants  became  in¬ 
significant  and  a  consistent  relationship  between  effectiveness  and  amount 
was  found. 

Results  of  the  cover  evaluations  are  summarized  in  a  table  (Table  3) 
showing  the  average  effective  weight  of  cover,  regardless  of  kind,  required 
to  give  different  degrees  of  protection  from  raindrop  impact.  Amounts  in 
pounds  per  acre  for  different  growth  forms  are  also  shown. 

Effects  of  cover  in  protecting  the  land  from  raindrop  impact  are  shown 
in  measurements  of  soil  splash  on  series  of  12x1 8-inch  plots  on  the  same  soil 
having  different  amounts  of  cover.  Such  tests  on  1 5  different  kinds  of  soil 
consistently  showed  that  cover  exercises  the  controlling  influence  on  splash 
erosion  under  field  conditions.  On  every  soil  tested,  examples  of  maximum 
cover  on  both  ranges  and  croplands  reduced  splash  to  a  very  small  fraction 
of  the  potential,  regardless  of  the  character  of  the  soil  itself. 

Figure  7  shows  the  relationship  of  amount  of  soil  splashed  to  amount 
of  cover  present  on  cropland  on  four  fine-textured  soils.  Although  there 
was  wide  difference  in  the  amount  of  splash  from  different  soils  in  bare  con¬ 
dition,  the  average  trends  agreed  closely  where  there  was  more  than  1,000 
pounds  per  acre  of  cover  on  the  land. 

Regardless  of  the  detachability  of  the  soil,  the  amount  of  splash  declined 
in  an  almost  straight-line  relationship  with  increasing  amounts  of  cover 
until  about  2,000  pounds  per  acre  was  present.  From  this  point,  increasing 
amounts  of  cover  gave  diminishing  reductions  in  splash  until  a  fairly  con¬ 
stant  level  was  reached  with  about  4,000  pounds  per  acre. 

Results  were  similar  on  range  lands,  except  that  the  level  of  detach¬ 
ment  was  generally  somewhat  lower  because  of  lower  average  detachability 
of  the  soil. 

SOIL  TRANSPORTATION  BY  RAINDROPS 

Raindrops  play  a  relatively  minor  role  in  the  transportation  of  the 
detached  soil  materials,  although  the  cumulative  effects  under  some  condi¬ 
tions  may  be  considerable. 

The  soil  particles  and  droplets  of  soil-charged  water  thrown  into  the  air 
travel  varying  distances  in  all  directions  from  the  point  of  impact  of  each 
drop.  On  truly  level  land  with  the  drops  striking  from  a  truly  vertical  direc¬ 
tion  the  effects  of  these  individual  soil  movments  tend  to  cancel  one  another 
out,  leaving  the  same  amount  of  soil  on  the  area  at  the  end  of  the  rain.  But 
such  conditions  seldom  prevail  in  nature,  where  slope  of  the  land  and  direc¬ 
tion  of  the  wind  give  a  predominant  direction  to  the  travel  of  the  splashed 
soil. 

On  an  open  field  of  10  per  cent  slope,  Ellison  (1944)  found  3  times 
as  much  downhill  as  uphill  movement  of  splashed  soil.  Other  experiments 
with  individual  water  drops  and  standard  sand  in  a  laboratory  indicated  that 


312 


The  Texas  Journal  of  Science 


1952,  No.  3 
September  30 


the  percentage  of  the  detached  material  moving  downslope  from  the  point 
of  impact  was  equal  to  the  per  cent  of  slope  plus  10  per  cent  (Ekern  and 
Muckenhirn  1947).  Since  particles  thrown  downhill  travel  a  greater  distance 
before  coming  to  rest  than  those  splashed  uphill,  a  preponderance  of  down~ 


FIG.  7 — SOIL  SPLASH  in  relation  to  amount  of  cover  on  croplands.  Bar  chart  inset 
shows  average  splash  of  four  different  fine  textured  soils  without  cover. 
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hill  movement  occurs  from  splash  alone,  even  on  relatively  gentle  slopes.  The 
cumulative  effect  through  the  years  results  in  considerable  soil  creep  on 
exposed  fields. 

The  effect  of  cover  on  this  activity  of  raindrops  is  essentially  the  same 
as  on  detachment.  To  the  extent  that  the  cover  prevents  the  drops  from 
striking  the  soil  and  setting  it  in  motion,  it  likewise  prevents  transportation 
by  this  agent.  Some  further  effect  of  the  cover  in  interrupting  the  splashes 
after  detachment  occurs  may  be  significant,  but  this  feature  has  not  been 
measured.  It  seems  sufficient  to  evaluate  cover  in  relation  to  splash  erosion 
in  terms  of  the  extent  to  which  it  intercepts  the  energy  of  the  rainfall  and 
prevents  soil  splash. 

EFFECT  OF  SPLASH  ON  WATER  INTAKE 

One  of  the  first  recognized  effects  of  raindrop  impact  on  the  soil  was 
surface  sealing,  resulting  in  reduced  water  intake  (Wollny  1877).  The 
raindrops  break  down  the  loose  crumbs  of  the  soil  surface.  As  the  clods  and 
granules  are  wetted  they  disintegrate  by  slaking.  The  churning  action  of  the 
drops  on  the  surface  beat  this  dispersed  material  into  a  pasty  mass.  Pores 
and  channels  through  which  the  water  would  otherwise  soak  into  the  soil  are 
soon  plugged.  In  the  violent  shifting  of  soil  particles  on  the  surface,  finer 
ones  are  fitted  between  the  coarser  to  produce  an  impervious  seal  (Fig.  8). 
Direct  compaction  by  the  force  of  the  beating  drops  also  occurs. 


Courtesy  U.  b.  boil  Conservation  bervice 


FIG.  8-— -SURFACE  SEAL  on  core  sample  of  freshly  plowed  cropland  after  20  minute 
test  application  of  water  drops  by  raindrop  applicator. 
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Duley  (1939)  has  made  photomicrographs  plainly  showing  this  seal 
on  soils  of  a  variety  of  textures.  Even  unaggregated  sand  forms  a  crust  by 
the  interlocking  of  different  sized  particles  under  the  impact  of  the  drops. 
Although  only  a  few  millimeters  thick,  this  layer  materially  reduced  water 
intake. 

These  crusts  can  be  observed  in  the  field  after  a  hard  rain  wherever 
bare  soil  is  exposed  to  its  action  (Fig.  9).  Farmers  find  them  one  of  the 
main  obstacles  to  the  emergence  of  crop  seedlings. 

This  is  one  of  the  principal  reasons  that  water  losses  from  bare  soils 
are  usually  greater  than  those  from  areas  with  plant  cover.  Ellison  and 
associates  found  that  infiltration  rates  became  less  as  the  amount  of  soil 
splash  increased  on  several  soils  in  Ohio  (1945)  and  in  Texas  (1948).  Num¬ 
erous  workers,  in  both  field  and  laboratory  studies,  have  shown  that  plant 
cover  on  the  land  reduces  runoff. 

In  tests  with  the  raindrop  applicator  in  Texas  the  Soil  Conservation 
Service  found  a  consistently  higher  percentage  of  water  lost  during  the 
standard  tests  on  bare  plots  than  on  those  with  either  cropland  or  range 
cover,  and  lowest  water  losses  usually  from  those  with  maximum  cover 
(Table  4).  On  every  deep  soil  tested  on  range  land,  water  losses  varied  from 
practically  none  on  examples  with  the  best  cover,  to  practically  all  the  water 
applied  on  those  with  poor  or  no  cover  (Osborn  1952c) . 


Courtesy  U.  S.  Soil  Conservation  Service 


FIG.  9 — BARREN  RANGE  land  is  crusted  by  exposure  to  direct  impact  of  rain¬ 
drops.  Most  of  the  rainfall  is  lost  as  runoff  from  such  areas. 
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In  general,  the  amount  of  runoff  from  the  plots  was  inversely  propor¬ 
tional  to  the  amount  of  cover  present,  although  soil  conditions  also  pro¬ 
foundly  influence  water  intake.  Favorable  soil  conditions  were  generally 
associated  with  the  best  cover  conditions. 

Water  losses  were  always  high  where  soil  splash  was  active,  and  generally 
exceeded  50%  of  the  test  application  wherever  the  cover  was  less  than  50% 
effective  in  intercepting  raindrop  impact.  Control  of  splash,  however,  did  not 
necessarily  prevent  the  loss  of  water  where  soil  conditions  beneath  the  cover 
were  unfavorable  for  infiltration  and  percolation. 

erosion  by  runoff 

Water  that  is  not  absorbed  where  it  falls  becomes  the  second  erosive 
agent  of  the  rain.  This  occurs  when  rate  of  rainfall  exceeds  the  infiltration 
and  percolation  capacities  of  the  soil.  As  the  runoff  moves  across  the  land, 
it,  too,  dislodges  and  transports  soil.  This  is  the  form  of  erosion  which  has 
received  the  greatest  attention  of  investigators  to  date,  and  is  best  known 
to  the  public. 

The  amount  of  soil  movement  effected  by  surface  flow,  like  that  of 
the  falling  drops,  is  a  function  of  (1)  the  energy  in  the  runoff,  (2)  the 
susceptibility  of  the  soil  to  detachment  and  transportation  by  this  agent, 
and  (3)  the  resistance  or  protection  afforded  by  cover  or  artificial  structures. 


TABLE  4 

WATER  LOSSES  FROM  BARE  SOIL  AND  WITH  COVER 

Average  Percentages  of  Applied  Amounts 
(Approximately  2  inches  in  20  minutes) 


Site  CROPLAND  RANGE  OR  PASTURE 


(Area  and  Soil  Unit) 

Bare 

All 

Maximum 

Bare 

All  Maximum 

Plots 

Plots 

Cover 

Plots 

Plots 

Cover 

CLAYS  AND  CLAY  LOAMS 

% 

% 

% 

% 

% 

% 

Blackland  2a 

49 

34 

8 

63b 

32b 

10b 

Trans-Pecos  2 

79 

52 

3 

Edwards  Plateau  2 

78 

66 

48 

46 

49 

4 

Grand  Prairie  2 

79 

46 

1 

— 

23 

4 

Rolling  Red  Plains  2 

77 

52 

4 

88 

62 

29 

Trans-Pecos  2X 

81 

58 

21 

SILTY  LOAMS 

Rolling  Red  Plains  5 

78 

63 

21 

Rolling  Red  Plains  24 

73 

76 

56 

SANDY  LOAMS 

Cross  Timbers  6 

84 

90 

81 

54c 

47c 

39c 

Cross  Timbers  19 

.72 

60 

40 

Rolling  Red  Plains  7 

51 

35 

12 

Rio  Grande  Plain  7 

53 

54 

51 

Trans-Pecos  7 

71 

68 

22 

High  Plains  7X 

72 

63 

5 

SANDS 

Rolling  Red  Plains  12 

79 

56 

8 

a  Numbers  refer  to  soil  units  as  classified  in  farm  planning  soil  conservation  surveys, 
b  Native  meadows 
c  Oldfield  pastures 
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The  energy  in  the  surface  flow  is  derived  from  its  movement  downslope 
in  accordance  with  well-known  laws  of  hydraulics.  Velocity  and  turbulence 
are  expressions  of  this  energy.  The  capacity  of  runoff  to  perform  the  work 
of  erosion  is  therefore  a  function  of  the  amount  of  water  involved  and  the 
slope  and  configuration  of  the  land  surface  over  which  it  moves.  Steepness 
of  slope  increases  velocity  of  flow  and  roughness  of  the  surface  increases 
turbulence.  Irregularities  concentrate  the  flow  into  rills  and  channels  where 
velocities  are  further  increased.  These  channels  grow  apace  as  larger  and 
larger  proportions  of  runoff  energy  are  expended  within  them.  Thus,  sheet 
erosion  gradually  passes  into  rill  erosion  and  finally  into  gully  erosion  as 
the  process  is  continued  on  an  exposed  field  (Fig.  10). 

Since  the  force  of  the  runoff  moves  horizontally  across  the  plane  of 
the  land,  its  effect  is  to  scour,  rather  than  to  splash,  soil  particles  from 
their  positions  in  the  soil  mass.  Since  the  energy  is  applied  all  in  the  same 
direction,  downslope,  it  is  of  especial  efficiency  in  transporting  the  dislodged 
materials. 

During  rains,  additional  turbulence  is  imparted  to  the  surface  flow 
by  the  drops  falling  into  it.  In  effect,  when  they  are  not  intercepted  by  cover, 
the  drops  transfer  their  kinetic  energy  to  the  runoff  where  it  continues  the 


Courtesy  U.  S.  Soil  Conservation  Service 


FIG.  10 — RUNOFF  ON  GULLIED  FIELD  is  concentrated  in  channels  where 
scour  erosion  continues  after  the  rain  stops. 
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work  of  soil  movement.  This  energy  may  give  the  runoff  considerable  erosion 
capacity  outside  of  rills  and  channels  on  level  land  or  gentle  slopes  where 
it  is  otherwise  relatively  ineffective. 

DETACHMENT  BY  RUNOFF 

Detachment  by  runoff  has  been  described  as  consisting  of  three  kinds 
of  actions,  rolling,  lifting,  and  abrading  (Ellison  1947).  Rolling  is  a  result 
of  the  drag  of  the  surface  flow  across  the  exposed  soil  particles;  lifting  is 
an  effect  of  turbulence  in  the  flow  due  to  surface  roughness  or  churning  by 
raindrops;  and  abrading  is  caused  by  soil  particles  in  the  flow  pounding 
against  or  dragging  across  those  in  the  soil  surface.  All  these  are  a  function 
of  the  energy  of  the  flow,  while  the  amount  of  abrading  action  is  influenced 
also  by  the  quantity  of  abrasive  materials  in  motion  and  the  abrasive  qualities 
of  these  materials. 

The  detaching  capacity  of  runoff,  then,  is  primarily  a  function  of  its 
kinetic  energy  plus  the  abrasive  properties  of  the  materials  carried  in  suspen¬ 
sion.  As  with  raindrops,  the  amount  of  detachment  performed  in  each  case 
is  influenced  also  by  the  detachability  of  the  soil,  which  varies  with  its  physi¬ 
cal  properties  at  the  time.  Because  of  the  different  manner  in  which  the 
energy  is  applied  by  the  two  agents,  the  same  soil  properties  may  result  in  a 
different  degree  of  detachability  by  runoff  as  compared  to  raindrop  action. 


FIG.  1 1 — SOIL  IS  TRANSPORTED  varying  distances  by  runoff.  Here  much  of  the 
materials  detached  from  the  slope  above  were  deposited  at  the  edge  of  the  field. 
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The  soil  detached  by  runoff  is  in  addition  to  that  already  set  in  motion 
by  raindrops.  Whereas  splash  effects  are  distributed  uniformly  over  a  land 
area,  scour  erosion  reaches  its  greatest  proportions  in  the  channelized  flow. 
Such  concentrated  flows  have  tremendous  powers  to  tear  loose  and  pick  up 
ever-increasing  quantities  of  soil  in  the  limited  areas  they  affect.  Consequent¬ 
ly,  sheet  erosion  results  primarily  from  the  action  of  raindrops  and  sheet 
flow,  while  rill  and  gully  erosion  are  largely  the  products  of  scour  by  channel¬ 
ized  runoff. 


TRANSPORTATION  BY  RUNOFF 

Whether  initially  set  in  motion  by  the  splashing  of  raindrops  or  the 
scour  of  surface  flow,  soil  particles  may  be  bodily  removed  from  a  field  or 
pasture  and  carried  long  distances  by  runoff,  especially  in  its  channelized 
form  (Fig.  1 1 ) .  It  is  as  a  transporting  agent  that  runoff  performs  its  major 
function  in  the  erosion  process.  It  is  when  runoff  of  high  transporting  capa¬ 
city  is  teamed  with  rainfall  of  high  detaching  capacity  that  a  rainstorm 
presents  the  maximum  erosion  hazard. 

The  amount  of  materials  carried,  and  the  distance  from  points  of  de¬ 
tachment  at  which  they  are  deposited,  both  are  important  considerations  in 
this  phase  of  erosion.  Transportation  must  be  measured  in  units  expressing 
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FIG.  12 — SEDIMENT  in  the  upper  reaches  of  Possum  Kingdom  lake  were  as  much 
as  4}/2  feet  deep  2  years  after  the  dam  was  closed.  A  period  of  low  water  exposed 
the  silt  to  view. 
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both  amount  and  distance,  such  as  foot-pounds  or  ton-miles.  The  amount 
of  soil  passing  the  lower  boundary  of  an  experimental  plot  or  a  field  is  a 
significant  measure  of  the  soil  "lost”  from  the  contributing  area,  but  it  is 
not  a  measure  of  the  work  of  soil  transportation  performed  by  the  runoff. 
Few  measurements  of  transportation  as  a  distinct  component  of  erosion  have 
been  made,  and  its  extent  can  only  be  deduced  from  observation  and  more 
generalized  measurements. 

The  amount  of  soil  transportation  performed  in  any  situation  is  a  pro¬ 
duct  of  the  transporting  capacity  of  the  runoff  and  the  transportability  of 
the  soil.  The  amount,  velocity,  and  turbulence  of  the  surface  flow  govern 
its  transporting  capacity  (Ellison  1947).  Since,  as  the  same  amount  of  water 
becomes  more  and  more  concentrated  its  velocity  increases,  soil  materials  that 
find  their  way  into  the  channelized  flow  of  gullies  and  streams  may  be  car¬ 
ried  great  distances  before  thev  are  deposited  by  the  stilling  effects  of  de¬ 
creased  bed  gradient  or  impoundments  (Fig.  12). 

According  to  records  of  the  Texas  Board  of  Water  Engineers,  12  main 
streams  discharge  an  average  of  89  million  tons  of  silt  annually  into  the 
Gulf  of  Mexico  (Stevens  1931).  This  is  equivalent  to  6  inches  of  topsoil 
from  136,308  acres  of  Texas  fields  and  pastures — soil  originally  detached 
bit  by  bit  from  the  uplands  of  the  watersheds  by  raindrops  or  surface  flow 
and  transported  down  slope  and  down  stream  by  the  runoff.  Of  course,  only 
a  small  portion  of  the  soil  in  transport  ever  reaches  the  gulf.  Nevertheless, 
this  silt  presents  a  major  problem  to  shipping  and  fisheries  of  the  coast 
(Bennett  1951). 

Transporting  capacity  of  the  runoff  may  limit  the  total  amount  of 
erosion  performed  by  a  rain.  When  the  runoff  is  charged  to  its  capacity,  the 
detachment  of  additional  soil  by  either  splash  or  scour  cannot  increase  the 
load  in  motion.  In  such  cases,  each  unit  of  additional  material  dislodged 
serves  only  to  displace  a  like  unit  that  already  is  in  transport. 

While  long  slopes  increase  the  erosive  power  of  runoff  by  the  accumula¬ 
tion  of  increasing  amounts  of  water  as  the  flow  moves  downward,  if  too 
long,  they  also  tend  to  reduce  the  amount  of  soil  carried  off  the  area  because 
of  the  increasing  amounts  of  energy  required  to  perform  the  transportation 
over  the  greater  distances  from  points  of  detachment  to  the  foot  of  the 
slope. 

The  transportability  of  the  soil  also  influences  the  distance  the  detached 
materials  can  be  carried  by  the  energy  present  in  the  flow.  This  factor  is 
intimately  related  to  the  rates  of  settling  of  the  particles  in  suspension,  and 
is  considered  to  be  a  function  of  their  size,  shape,  and  density.  The  same 
properties  that  make  a  soil  easily  detached  may  not  necessarily  make  it  easily 
transported;  in  fact,  the  reverse  is  frequently  true. 

COVER  AND  SCOUR  EROSION 

Plant  cover  on  the  land  offers  protection  from  scour  erosion  by  offering 
resistance  to  the  flow  of  water  and  by  shielding  the  soil  from  its  effects.  Be¬ 
cause  of  the  horizontal,  rather  than  vertical,  movement  of  the  erosive  force, 
different  properties  of  vegetation  are  important  in  this  function  than  for 
protection  from  raindrops. 

Although  many  comparisons  have  been  made  of  the  amounts  of  soil 
removed  in  the  runoff  from  areas  with  different  kinds  of  cover,  and  the  effi¬ 
ciency  of  different  plant  linings  for  waterway  channels  have  been  studied, 
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Courtesy  U.  S.  Soil  Conservation  bervice 

FIG.  13 — TALL  DENSE  COVER  of  sod-forming  grasses  provides  the  maximum  re- 
tardance  to  runoff  and  greatest  protection  from  scour  erosion. 
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there  does  not  seem  to  be  an  adequate  analysis  of  the  properties  of  cover  that 
make  it  effective  in  protecting  the  land  from  surface  flow.  The  quantitative 
relationships  between  the  protectivity  of  the  cover  in  this  role  and  measure¬ 
ments  of  the  cover  itself  have  not  been  thoroughly  developed. 

It  is  obvious  that  to  oppose  the  flow  of  water,  the  plant  parts  must  be 
within  the  depth  of  the  flow  and  perpendicular  to  its  line  of  movement.  A 
canopy  of  foliage  a  few  inches  above  the  ground,  which  might  be  highly 
effective  in  intercepting  raindrops,  would  have  no  value  in  impeding  runoff. 
Numerous  fine  stems,  as  closely  spaced  together  as  possible,  would  seem  to 
provide  the  greatest  protection.  Grasses  generally  conform  to  this  description. 

A  common  misconception  is  that  vegetation,  bent  over  and  completely 
submerged  by  flowing  water  shingles  the  soil  and  forms  a  protective  shield. 
Observations  through  vertical  glass  walls  in  experimental  channels  lined 
with  different  plants  have  revealed  that  vegetation  remains  up  in  the  flow, 
waving  and  whipping  back  and  forth  (U.S.  Dept.  Agr.  1947).  Its  principal 
effect  is  to  retard  the  velocity  of  the  flow  near  the  surface.  Greatest  retard- 
ance  is  obtained  from  a  dense  uniform  stand  of  sod-forming  tall  vegetation. 

Stiffness  of  the  stems,  offering  resistance  to  bending,  contributes  to 
retardance  values,  except  to  the  extent  that  submergence  brings  a  greater 
volume  of  foliage  within  the  flow  (Ree  and  Palmer  1949). 

Cover  for  the  control  of  runoff  needs  to  be  anchored  to  the  soil,  a 
feature  not  important  in  controlling  splash.  Growing  or  standing  vegetation, 
therefore,  is  superior  to  most  mulches  or  litters  which  might  be  floated  and 
carried  away  by  the  runoff. 

The  function  of  plant  roots  in  binding  the  soil  has  been  greatly  empha¬ 
sized  by  conservationists.  However,  since  erosion  by  either  scour  or  splash 
is  strictly  a  surface  phenomenon,  it  is  obvious  that  roots  cannot  offer  resis¬ 
tance  to  the  eroding  agent  until  they  are  exposed  by  the  removal  of  the  soil 
from  above  or  around  them.  Even  in  rills  and  gullies,  the  successive  detach¬ 
ment  of  soil  particles  occurs  only  from  the  exposed  surfaces  of  the  channel 
walls  and  floor,  so  that  roots  become  effective  as  protective  cover  only  by 
virtue  of  progressive  erosion.  To  the  extent  that  some  erosion  is  taken  for 
granted,  the  presence  of  a  dense  mat  of  roots  may  be  regarded  as  a  valuable 
feature  of  the  protective  cover. 

ARTIFICIAL  MEASURES  TO  CONTROL  RUNOFF 

Artificial  mechanical  structures  have  been  widely  used  to  reduce  or 
control  the  effects  of  runoff.  These  include  field  terraces,  various  forms  of 
dams  and  diversions,  and  the  performance  of  tillage  operations  on  the  con¬ 
tour  to  leave  ridges  and  furrows  at  right  angles  to  the  direction  of  flow 
(Fig.  14). 

All  these  measures  serve  primarily  to  reduce  the  velocity  of  the  runoff, 
thereby  reducing  both  its  detaching  capacity  and  its  transporting  capacity. 
To  the  extent  that  they  impound  portions  of  the  runoff,  and  allow  more 
time  for  its  infiltration  as  it  passes  over  the  land,  they  also  reduce  the  amount 
of  water  in  the  surface  flow.  Thereby  they  limit  the  work  performed  by 
this  erosion  agent,  but  do  not  directly  reduce  the  activity  of  the  raindrops. 

Impounded  water,  if  deep  enough,  may  disperse  the  energy  of  the  drops 
locally,  but  only  after  barren  soil  areas  may  have  been  sealed  by  their  im¬ 
pact.  As  previously  pointed  out,  soil  detachment  and  transportation  both 
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are  greatly  increased  by  the  turbulence  created  by  drops  falling  in  shallow 
surface  water.  Thus,  obstructions  to  surface  flow  offer  negligible  protection 
from  the  energies  of  the  rainfall  itself. 

In  field  situations  where  runoff  is  performing  the  major  part  of  the 
work  of  erosion,  and  is  the  limiting  factor  on  soil  movement,  these  measures 
effectively  reduce  the  total  soil  loss.  On  the  other  hand,  where  raindrop 
action  is  the  critical  factor,  reducing  the  velocity  of  the  runoff  does  not  pre¬ 
vent  the  erosion  damages. 

Mechanical  obstructions  to  runoff,  especially  if  wide-spaced  like  terraces, 
may  effectively  reduce  or  prevent  soil  movement  beyond  the  boundaries  of  a 
field  without  materially  affecting  the  total  soil  movement  within  the  field. 
On  soils  of  high  detachability  during  rainfall  of  sufficient  force  to  load  the 
runoff  to  the  limit  of  its  transporting  capacity,  these  structures  may  actually 
interfere  but  little  with  total  erosional  activity.  While  each  terrace  interrupts 
the  flow  and  causes  it  to  drop  its  soil  load,  the  runoff  originating  in  the 
interval  below  is  free  to  pick  up  a  new  cargo  of  detached  soil.  The  results 
are  seen  in  the  benching  of  terraced  land  which  is  not  also  protected  by  ade¬ 
quate  cover. 
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FIG.  14 — TERRACES  AND  CONTOUR  tillage  across  the  slope  impede  runoff,  re¬ 
ducing  its  velocity  and  impounding  a  part  of  the  water. 


1952,  No.  3 
September  30 


Rain  and  Erosion 


323 


In  most  field  sitautions,  a  combination  of  mechanical  measures  and 
plant  cover  designed  to  meet  the  peculiar  combination  of  erosion  factors 
operating  on  that  particular  land  area,  is  necessary  for  effective  erosion  con¬ 
trol  (Fig.  15). 


MEASURES  OF  SOIL  LOSS  FROM  FIELD  AREAS 

Erosion  experiments  measuring  total  water  runoff  and  soil  loss  from 
specific  land  areas  give  valuable  comparisons  of  the  effectiveness  of  different 
conservation  practices  under  the  experimental  conditions,  although  they  do 
not  measure  the  separate  effects  of  the  different  erosion  processes  nor  tell  the 
full  story  of  damages  occurring  on  the  area. 

Examples  of  the  effectiveness  of  close-growing  cover  in  preventing  soil 
loss  from  experimental  plots  are  numerous  in  the  reports  of  conservation 
experiment  stations.  For  example,  at  the  Blackland  station  at  Temple,  Texas, 
a  4.98  inch  rain  which  caused  60,984  pounds  of  soil  loss  from  a  1/100  acre 
plot  in  cotton,  and  54,016  pounds  from  another  in  corn,  removed  no  soil 
from  a  similar  plot  in  bermuda  grass  (Hill  et  al  1944).  All  plots  were  on 
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FIG.  15 — A  COMBINATION  of  practices  is  needed  to  protect  each  field.  Here  a 
vegetated  waterway  is  used  in  conjunction  with  terraces,  contour  tillage,  and  cover 
crops  between  strips  of  row  crops. 
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Houston  black  clay  soil  with  4  per  cent  slope.  The  average  annual  soil  losses 
from  these  same  plots  for  the  11 -year  period,  1931-1941,  were  3  0,440  pounds, 
32,040  pounds,  and  40  pounds  per  acre  respectively. 

Likewise,  at  Tyler,  Texas,  on  Kirvin  fine  sandy  loam  with  8.75  per  cent 
slope,  the  maximum  soil  loss  from  a  1/100  acre  plot  during  any  storm  was 
71,391  pounds  per  acre  as  a  result  of  a  5.06  inch  rain  (Pope  1946).  This 
plot  was  in  continuous  cotton.  During  the  same  rain,  a  similar  plot  in  ber- 
muda  grass  lost  only  8  pounds  of  soil  per  acre.  The  10-year  averages  from 
these  same  plots  was  48,13  8  pounds  and  156  pounds  per  acre. 

Such  examples  can  be  multiplied  many  times.  They  are  convincing  evi¬ 
dence  of  the  effectiveness  of  cover  in  preventing  or  reducing  the  combined 
actions  of  rainfall  and  runoff.  The  effectiveness  of  mechanical  measures  in 
obstructing  runoff  has  also  been  demonstrated.  Thus  protective  measures 
can  be  selected  to  counter  the  erosive  forces  of  rainstorms  under  any  com¬ 
bination  of  conditions  on  the  land. 
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FIG.  1 — Method  of  distilling  mercury  in  the  15th  century  from  Agricola’s  De  Re 
Metallica.  Ore  was  put  in  the  upper  of  the  two  pots,  separated  by  moss  and  sealed 
with  clay.  Heat  distilled  the  mercury  into  the  lower  pot. 


CINNABAR  NEAR  PERSIMMON  GAP 
BREWSTER  COUNTY,  TEXAS 

W.  N.  McANULTY 
Department  of  Geology 
University  of  Texas 

INTRODUCTION 

In  1949 ,  John  Bennett,  a  bee-keeper  and  prospector  who  lives  on  Mara- 
villas  Creek  near  the  north  entrance  to  Big  Bend  National  Park,  Brewster 
County,  Texas,  while  hunting  for  agate  and  other  materials  for  the  rock- 
hound  trade,  found  cinnabar  in  a  siliceous  fissure-vein  in  the  Georgetown 
limestone  on  a  section  of  land  which  joins  Big  Bend  National  Park  not  far 
from  Persimmon  Gap.  Small  scale  hand-tool  type  of  prospecting  carried  on 
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by  Bennett  during  1949-1950  revealed  in  two  test  pits  interesting  shows  of 
cinnabar.  In  the  latter  part  of  19  50  a  partnership  was  formed  to  further 
explore  the  area,  and  during  the  first  quarter  of  1951  several  test  pits  and 
trenches  were  dug  over  5  claims.  In  April,  1951,  the  Defense  Minerals  Ad¬ 
ministration  announced  a  program  designed  to  encourage  prospecting  for 
certain  minerals  in  short  supply.  Under  this  program  the  DMA  contributes 
75  per  cent  of  the  cost  of  exploration  for  mercury  minerals.  A  DMA  project 
for  exploring  the  property  in  question  was  started  October  1,  1951. 

LOCATION 

The  occurrence  is  located  immediately  northeast  of  the  northeast 
boundary  of  the  Big  Bend  National  Park,  approximately  5  miles  east  of 
Persimmon  Gap,  about  1  miles  northeast  of  Dog  Canyon,  and  immediately 
south  of  the  confluence  of  Dog  Creek  and  Maravillas  Creek.  The  claims  are 
on  the  Purnell  Ranch,  approximately  45  miles  south-southeast  of  Marathon, 
Texas,  in  the  Bone  Spring  Quadrangle. 


FIG.  2— In  another  method,  the  quick  silver  fumes  from  furnace  pots  (A)  passed 
through  nozzles  (C)  to  condense  in  the  gourd-shaped  vessels  (D). 
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GENERAL  GEOLOGY 

The  Georgetown  limestone  of  Lower  Cretaceous  age  forms  a  rather 
rugged,  irregular  terrane  with  as  much  as  2  50  feet  of  relief.  Although  this 
is  the  only  formation  outcropping  in  the  immediate  vicinity  of  the  mining 
claims,  younger  Cretaceous  rocks  occur  within  one-fourth  of  a  mile,  in¬ 
cluding  the  Del  Rio  clay  and  Buda  limestone  of  the  Lower  Cretaceous,  and 
the  Bouquillas  formation  of  the  Upper  Cretaceous.  Paleozoic  rocks  outcrop 
in  Persimmon  Gap  and  a  few  miles  northward  in  the  Marathon  Basin.  Over 
much  of  the  area  adjacent  to  the  property  on  the  south  and  southeast  is  a 
mantle  of  high  level  stream  gravels  and  boulders.  This  material  is  composed 
of  well  rounded  gravels  and  boulders  of  both  sedimentary  and  igneous  rock 
types,  apparently  deposited  by  Dog  Creek  before  it  was  diverted  by  capture 
at  a  point  just  east  of  Dog  Canyon. 

Within  the  Boquillas  formation  on  an  anticlinal  structure  about  1  ^2 
miles  to  the  southeast  a  synodioritic  sill  about  100  feet  thick  is  exposed, 
and  there  are  several  plug-like  intrusives  to  the  north  and  east.  Remnants 
of  lava  rocks  cap  a  series  of  hills  a  few  miles  to  the  east. 


FIG.  3 — Sometimes  the  ore  was  covered  with  sand  or  ashes.  Vapors  sought  refuge  in 
upper  jar;  mercury  fell  into  sand. 
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STRUCTURE 

The  area  is  situated  along  the  northeast  flank  of  the  southern  end  of 
the  Santiago  Mountains  and  on  the  southern  flank  of  the  Marathon  Dome] 
The  Santiago  Mountains  are  about  40  miles  long  extending  from  Dog  Canyon 
northwestward  to  Del  Norte  Gap  where  they  give  way  to  the  Del  Norte 
Mountains.  The  southeastward  extension  of  these  mountains  from  Dog 
Canyon  is  called  the  Sierra  del  Carmen  range.  Santiago  Mountains  owe  their 
height  partly  to  a  large  normal  fault  which  has  downthrown  the  Cretaceous 
beds  on  the  east.  South  of  the  Marathon  Basin  these  mountains  continue  for 
about  20  miles  as  a  sharp  narrow  anticline  which  passes  into  a  great  re¬ 
cumbent  fold  in  the  vicinity  of  Dog  Canyon.  Between  the  area  in  which  the 
claims  are  situated  and  the  Santiago  Mountains  are  2  or  3  normal  faults  of 
considerable  displacement.  The  claims  are  on  one  of  a  series  of  low  hills, 
foot  hills,  which  parallel  the  Santiago  Mountains  for  several  miles  along 
their  northeast  face.  They  are  situated  on  the  southwest  limb  of  an  anticlinal 
structure  which  plunges  southeastward.  Indications  are  that  this  structure 
is  quite  large,  however,  Maravillas  Creek  cuts  across  it  on  the  north  and 
northeast  and  all  bed  rock  is  covered  over  the  broad  alluvial  flat  through 
which  Maravillas  Creek  meanders.  Along  the  southwest  side  of  the  property 


FIG.  4 — The  sloping  floor  of  these  condensing  chambers  collected  the  droplets  which 
fell  from  the  cool  leafy  branches  put  there  to  assist  condensation. 
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is  a  normal  fault  trending  N.  60°  W.,  with  approximately  200  feet  down¬ 
throw  on  the  northeast  side.  Several  fissure-zone  trends  complementary  to 
this  fault  cross  the  downthrown  block  on  which  the  claims  are  located. 

mineralization 

It  is  in  fissure  veins  and  in  collapse-debris  filling  of  subterranean  pass¬ 
ages  along  northeast-southwest  trending  fissue  zones  that  the  mineralization 
occurs.  Cinnabar  (HgS)  is  the  only  mercury  mineral  that  has  been  definitely 
identified,  however,  associated  yellowish  materials  possibly  represent  secon¬ 
dary  mercury  minerals  such  as  calomel  (Hg2Cl2),  eglestonite  (HgaOC^) , 
and  terlinguaite  (HgaOCl).  Calcite,  quartz,  and  iron  oxides  are  the  main 
gangue  minerals.  Cinnabar  occurs  in  veins  mixed  with  calcite,  cryptocrystal¬ 
line  quartz,  and  as  an  encrustation  along  joints  and  fissures.  It  is  also  found 
disseminated  through  caliche  and  clay  (haboncillo) ,  silica-replaced  limestone 
blocks,  and  in  vugs  in  green  crystalline  quartzitic  material,  all  of  which 
makes  up  a  collapse  rubble-like  fill  in  slumped  solution  cavities  in  the  George¬ 
town  limestone,  which  are  located  at  intervals  along  the  fissure-trends. 

FUTURE  POSSIBILITIES 

This  property  is  interesting  in  that  it  reveals  cinnabar  deposits  very 
similar  in  occurrence  to  those  in  the  Mariposa  area  of  the  Terlingua  district. 
All  of  the  known  geologic  requisites  for  the  occurrence  of  cinnabar  seems 


FIG.  5 — This  method  is  similar  to  the  one  shown,  in  which  sand  or  ashes  are  used 
cover  the  ore.  Here,  however,  a  furnace  is  used,  instead  of  a  tripod  and  pots. 


330 


The  Texas  Journal  of  Science 


1952,  No.  3 
September  30 


to  be  present  in  the  area;  that  is  structural  control,  openings  in  the  rock 
through  which  mercury  bearing  fluids  could  enter  and  accumulate,  impervi¬ 
ous  materials  to  stop  the  advance  of  the  fluids  and  permit  precipitation,  and 
intrusive  igneous  bodies  as  a  source  for  the  mercury.  From  a  geological  point 
of  view  this  area  appears  to  offer  considerable  promise  for  the  occurrence  of 
economic  deposits  of  mercury  minerals.  It  may  have  some  advantages  over 
the  Terlingua  district.  The  exact  thickness  of  the  Georgetown  in  this  area 
is  not  known,  however,  it  is  probably  less  than  600  feet  in  thickness,  and 
the  Kiamichi  clay  which  underlies  the  Georgetown  here  might  prove  to  be 
a  very  favorable  horizon  for  the  accumulation  of  mercury  minerals,  just 
as  the  Georgetown-Del  Rio  contact  is  important  in  the  Terlingua  district. 
Where  the  Terlingua  mines  encountered  large  quantities  of  ground  water  at 
relatively  shallow  depths,  there  should  be  no  ground  water  problem  in  the 
Maravillas  country. 

Whether  or  not  this  particular  property  will  prove  to  be  of  economic 
importance  remains  for  future  exploration  work  to  determine.  This  discovery 
is  significant  and  this  area  warrants  further  investigation. 


Rainfall  and  Runoff,  Edgar  E.  Foster,  The  Macmillan  Company,  New  York,  1948, 

This  book,  presenting  many  methods  of  accurately  analyzing  water 
resources,  is  of  utmost  importance  to  those  in  Texas  whose  activities  are 
closely  connected  with  water  supplies.  Although  it  does  not  present  any 
means  to  augment  our  supply  of  the  vital  element,  it  enables  the  observer 
to  analyze  more  closely  the  sources  and  types  of  supply  so  that  planning  for 
future  use  may  be  on  a  more  precise  and  sound  basis  than  ever  before. 

The  book  constitutes  an  excellent  treatise  on  the  application  of  statisti¬ 
cal  methods  to  widely  scattered  and  varying  data.  These  methods,  of  course, 
may  be  applied  to  many  other  subjects  than  hydrology.  It  is  regretted  that 
the  author  did  not  provide  an  index  of  the  statistical  treatments  so  that 
use  of  the  book  as  a  statistical  text  would  be  facilitated.  This  defect  is-  in 
large  part,  overcome  by  presenting  a  statistical  discussion  in  the  opening 
chapter,  but  there  is  much  other  valuable  knowledge  scattered  through  the 
rest  of  the  book  as  well. 

Subjects  covered  include  air  masses  and  atmospheric  moisture,  its  trans¬ 
port  and  precipitation;  types  of  precipitation  (rain  and  snow)  and  its  dis¬ 
tribution,  both  in  area  and  intensity.  Ground  water  supply  is  also  treated, 
as  are  also  the  subjects  of  evaporation,  runoff,  and  floods. 

Of  major  interest  are  the  numerous  charts  and  graphs  which  capably 
illustrate  the  points  under  discussion  and  offer  ample  incentive  to  the  reader 
to  provide  similar  data  for  his  own  geographical  region.— c.  e.  balleisen, 
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MARINE  DIATOMS  OF  THE  ROCKPORT, 

TEXAS,  BAY  AREA* 

LEONARD  ROY  FREESE 
Department  of  Biology 
University  of  Houston 

INTRODUCTION 

Publications  giving  information  on  plankton  of  the  Gulf  of  Mexico  or 
of  bays  skirting  its  coast,  are  almost  non-existent.  The  present  paper  is  a 
report  on  diatoms  in  plankton  catches  made  monthly  from  August,  1949 
to  August,  1950,  at  five  stations  in  the  bay  area  near  Rockport,  Texas,  to 
acquire  a  general  idea  of  the  more  important  forms  occurring  in  this  area 
and  of  their  seasonal  fluctuations;  and  second,  from  correlation  with  physical 
data,  to  gain  added  information  on  growth  and  reproductive  habits. 

Grateful  appreciation  is  expressed  to  Mr.  J.  L.  Baughman,  Chief  Biolo¬ 
gist  at  the  Marine  Laboratory,  Texas  Games  and  Fish  Commission,  Rockport, 
Texas,  and  his  staff,  who  provided  means  by  which  plankton  samples  were 
secured;  to  Dr.  Ruth  Patrick  of  the  Philadelphia  Academy  of  Sciences,  for 
identification  of  some  important  species;  and  to  Mr.  Bernard  Mollberg  and 
his  staff  at  the  University  of  Houston’s  Photography  Department,  who  gave 
invaluable  help  in  preparation  of  illustrations.  There  were  others  whose  help 
on  this  research  is  much  appreciated,  especially  Drs.  Hanford  Tiffany  and 
Theodor  Just  of  the  Northwestern  University  Biology  faculty,  who  gave 
encouragement  and  suggestions  that  made  this  paper  possible. 

BRIEF  DESCRIPTION  OF  STATIONS 

Five  stations  were  established  as  indicated  on  the  map:  one  each  at 
Copano  Bay  (Station  No.  1),  Old  Ship  Yard  in  Aransas  Bay  (Station  No. 
2),  Cedar  Bayou  (Station  No.  3),  Lydia  Ann  Channel  (Station  No.  4),  and 
Port  Aransas  Ship  Channel  (Station  No.  5 ) .  At  all  stations  there  is  a  pre¬ 
vailing  southeasterly  wind  from  nine  to  ten  months  of  the  year.  In  other 
respects,  there  are  varied  differences. 

Copano  Bay  Station  (No.  1)  has  shallow  water  varying  from  one  to 
two  feet  which  is  in  a  turbid  condition  from  December  to  April.  The  bottom 
is  mostly  firm  mud,  some  shell,  rich  in  the  marine  grass,  Ruppia  maritima. 
Tidal  changes  are  very  slight  except  during  March  through  April  and  from 
September  through  November  at  which  time  tides  are  unusually  high.  Copano 
Bay  has  very  little  current  at  any  time. 

Water  at  the  Old  Ship  Yard  Station  (No.  2)  averages  about  three  feet. 
It  is  subject  to  tidal  changes  of  six  inches  to  eight  inches  daily.  The  water 
here  is  usually  clear  and  green  except  during  winter  "northers”.  Small  Crus¬ 
tacea  are  normally  abundant.  Surf  gets  quite  high  at  this  station  when  pre¬ 
vailing  winds  attain  their  not  too  infrequent  heights  of  thirty  to  thirty-five 
miles  per  hour.  The  bottom  consists  of  sand  with  some  mud  patches.  Here 
and  there  are  mollusk  shells  and  sparse  patches  of  Ruppia  marithna. 

Station  No.  3  is  located  in  Cedar  Bayou,  an  unjettied  natural  pass  con¬ 
necting  a  secondary  bay  to  the  Gulf  of  Mexico.  The  depth  and  direction 
of  the  channel  are  changeable  by  wind  and  currents  but  the  average  depth 
approximates  five  feet  at  the  station  location.  Daily  tide  change  is  about 

*  Revision  of  a  doctoral  thesis  submitted  to  the  graduate  school  of  Northwestern  University. 
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one  to  one  and  one-half  feet.  During  low  summer  tides  the  channel  may 
become  very  shallow  and  warm.  Water  in  the  bayou  is  usually  very  turbid 
or  murky.  Large  numbers  of  littoral  fish  use  this  pass  during  migrations. 

Station  No.  4  in  Lydia  Ann  Channel  has  an  average  water  depth  of 
3  0  feet.  The  water  is  usually  clear  and  green  and  a  favorite  site  for  porpoises. 
The  inflowing  tide  is  fairly  strong  from  early  morning  until  noon.  Daily 
tide  variation  is  from  six  inches  to  one  foot.  The  mud  bottom  has  an  abun¬ 
dance  of  many  species  of  mollusks.  Bird  rookeries  line  the  channel  on  either 
side. 
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Port  Aransas  Ship  Channel  where  Station  No.  5  is  located  is  a  jettied 
pass  connecting  intercoastal  water  ways  and  secondary  bays  to  the  Gulf  of 
Mexico.  Water  depth  averages  thirty-five  feet,  and  for  at  least  fifteen  days 
per  month  there  is  a  fast-flowing  tide.  When  the  southeast  wind  attains  a 
height  of  twenty  to  thirty  miles  per  hour,  the  surface  gets  rather  rough. 
Water  temperatures  are  comparatively  cool  during  the  summer  months  due 
to  the  depth.  Many  species  of  littoral  and  pelagic  fishes  frequent  this  channel. 
methods  and  procedure 

During  the  year  plankton  samples  were  collected  at  the  surface  with 
a  No.  2  5  tow  net  having  a  diameter  of  one  foot,  three  inches.  Each  tow  was 
made  for  ten  minutes  at  an  approximate  speed  of  five  miles  per  hour.  The 
majority  of  catches  were  immediately  removed  from  the  net  and  preserved 
in  a  solution  of  five  per  cent  formaldehyde  and  sea  water.  However,  during 
July,  1950,  an  exception  was  made.  No  preservative  was  used  until  live 
specimens  were  studied  and  then  the  diatoms  were  preserved  in  95  per  cent 
alcohol.  All  samples  were  studied  with  the  compound  microscope  by  examin¬ 
ing  a  drop  of  the  solution  taken  with  a  pipette  from  the  bottom  of  the 
bottle  after  settling  had  occurred.  At  each  station  the  air  temperature,  sur¬ 
face  water  temperature  and  surface  salinity  were  recorded  on  each  collecting 
trip  (Table  1).  All  stations  were  visited  roughly  between  10  A.M.  and  2 
P.M.,  about  the  middle  of  each  month. 

For  detailed  study,  slides  were  prepared  from  many  of  the  catches.  The 
most  satisfactory  mount  for  study  proved  to  be  that  from  specimens  pre¬ 
served  in  95  per  cent  alcohol  and  mounted  in  pleurax  mounting  medium, 
kindly  furnished  me  by  Dr.  G.  D.  Hanna  of  the  California  Academy  of 
Sciences. 

Procedure  in  slide  making  became  quite  simple  after  a  number  of  at¬ 
tempts.  After  the  plankton  mass  had  settled  in  the  bottom  of  the  bottle, 
the  sea  water  was  decanted  and  the  bottle  refilled  with  fresh  tap  water.  The 
mass  was  again  allowed  to  settle  and  the  container  refilled.  This  washing 
procedure  was  repeated  approximately  ten  times  to  insure  removal  of  most 
of  the  salt  content.  After  final  decantation  the  container  was  filled  with  95 
per  cent  alcohol. 

After  twenty-four  hours  in  the  preservative  diatoms  were  ready  for 
slide  preparation.  A  drop  of  the  solution  was  placed  on  a  cover  slip  and 
allowed  to  partially  dry.  Immediately  after  the  drop  was  on  the  slip,  any 
larger  debris,  consisting  mostly  of  copepods,  was  removed  with  a  pig’s  eye 
lash  cemented  to  the  end  of  a  medical  swab  stick.  In  the  meantime,  a  clean 
slide  was  placed  on  a  hot  plate.  My  hot  plate  was  improvised  from  a  small 
coffee  urn  plate  on  which  was  placed  a  metal  plate  large  enough  to  overlap 
and  provide  a  "cooling  off”  area.  When  the  diatom  drop  had  partially  evap¬ 
orated,  the  slip  was  placed  on  the  edge  of  the  hot  plate,  and  a  drop  of  pleurax 
added.  As  quickly  as  excess  moisture  and  alcohol  evaporated  the  slip  was 
transferred  to  a  slide  preheated  on  the  plate.  When  the  solution  had  boiled 
for  about  a  two-second  interval,  the  slide  was  placed  at  the  edge  of  the 
plate,  where  in  the  cooling  process  the  bubbles  vanished.  If  bubbles  persisted, 
boiling  was  repeated.  Slides  were  then  gently  heated  for  a  twenty-four  hour 
period  to  insure  the  absence  of  bubbles.  They  were  permanently  set  in  48  to 
72  hours.  Usable  pleurax  slides  could  be  made  from  specimens  preserved  in 
formalin  provided  the  formalin  was  carefully  washed  out,  but  they  were  not 
as  satisfactory  as  when  alcohol  was  used  as  preservative. 
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Most  of  the  photographs  and  drawings  were  made  from  the  prepared 
slides.  A  few  of  the  photographs  and  drawings  were  made,  however,  from 
specimens  both  alive  and  in  preservative.  Most  of  the  photographs  were 
taken  with  a  Leitz  Micam.  The  remainder  were  taken  by  members  of  the 
University  of  Houston’s  Photography  Department  and  all  processing  was 
done  by  this  department.  The  freehand  drawings  were  done  by  the  author 
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or  by  students  under  bis  supervision.  Apart  from  noting  the  dominant  species 
in  each  sample  and  relative  abundance  of  the  others,  no  quantitative  determi¬ 
nation  was  attempted  in  this  preliminary  study. 


FIG.  2.  Varied  shapes  among  plankton  genera.  1 — -Coscinodiscus,  valve  view,  2 — 
Coscinodiscus,  girdle  view,  3— Stephanodiscus,  4— Skeletonema,  5- — -Rhizo- 
solena,  6— Chaetoceros,  7— Biddulphia,  8— Hemidiscus,  9—‘ Thalassiosira, 
10— Corethron,  11- — Eucampia,  12— -Hemiaulus,  13 — -Lauderia,  14 — Meio- 
sira,  15— Nitzschia,  16— Bacteriastmm,  17—  Actinoptychus,  18— Asterio- 
nella,  19— Guinardia,  20— Ditylum,  21— Lithodesmium,  22— ‘ Thalassio- 
nema,  23- — Thalassiothrix. 
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GEOGRAPHIC  GROUPING  OF  PLANKTON  DIATOMS 

The  marine  diatoms  found  here  may  be  arranged  in  two  groups,  pelagic 
and  littoral.  Pelagic  species  are  those  that  live  near  the  ocean  surface  during 
all,  or  at  least  during  most  of  their  existence.  They  possess  no  means  of 
locomotion.  Littoral  species,  on  the  onther  hand,  are  either  motile  or  fixed 
to  a  substrate  and  live  exclusively  near  shore.  This  paper  deals  mainly  with 
the  pelagic  species.  They  provide  by  far  the  larger  portion  of  plants  found 
during  the  year.  These  pelagic  diatoms  may  be  placed  in  geographic  groups 
according  to  Cleve's  scheme  (Murray  and  Hjort,  1912),  commonly  used 
by  planktonologists.  Groups  are  divided,  first  of  all  into  oceanic  and  neritic 
forms  and  further  subdivided  into  tropical,  temperate  and  arctic  groups 
according  to  their  original  habitat.  Oceanic  forms  are  those  species  having  a 
wide  distibution  and  occurring  away  from  shore,  reproducing  year  after  year 
without  forming  resting  spores,  being  found  in  oceanic  waters  having  favor¬ 
able  growth  conditions  and  in  waters  of  oceanic  origin  carried  inshore  by 
currents.  Neritic  species  have  their  origin  near  the  coast  and  reproduce  most 
efficiently  under  coastal  conditions.  Tychopelagic  species  are  those  littoral 
species  tom  from  their  means  of  support,  and  thrown  up  into  the  plankton 
where  they  are  carried  about  for  a  time  by  currents  and  wind. 

The  list  that  follows  includes  all  species  I  have  been  able  to  identify. 
This  being  a  preliminary  study  and  the  first  attempt  in  this  area,  the  list 
is  not  complete,  and  of  necessity  additions  will  have  to  be  made  after  more 
extended  study.  The  seventy-eight  species  observed  represent  forty-one 
genera.  Most  of  the  identifications  were  verified  by  Dr.  Ruth  Patrick  or  by 
examination  of  type  slides  at  the  Philadelphia  Academy  of  Sciences.  The 
most  helpful  references  used  in  the  identification  were  Cupp  (1943),  Hustedt 
(1930),  Lebour  (1930),  Schmidt  (1883-37),  Smith  (  1853-1856),  and  Van 
Huerck  (1896).  The  geographic  grouping  of  the  various  species  follows 
mainly  that  proposed  by  Cupp  (1943),  Johnson  (1932),  and  Phifer  (1933). 
In  the  key  and  descriptions  of  the  species  that  follow  the  group  listings,  the 
genera  Navicula ,  Cocconeh ,  Actinocyclus ,  Campylodiscus ,  Corethron , 
Scbroederella  and  Triceratium,  two  Coscinodiscus  species,  curvulatus  and 
lineatm ,  Chactoceros  didymus ,  Tbalassiosira  subtilis  and  Triceratium  favus 
were  omitted.  These  forms  not  only  are  rare  in  our  bay  area,  but  were  dis¬ 
covered  in  the  samples  somewhat  late  to  be  included.  The  names  used  follow 
those  given  in  Mills  (1933-34). 

OCEANIC 

ARTCTIC 

Chaetoceros  decipiens  Cleve 
TEMPERATE 

Chaetoceros  peruvianas  Brightwell 
Corethron  hystrix  Hensen 
Coscinodiscus  concinnus  W.  Smith 
Coscinodiscus  curvulatus  Griinow 
Coscinodiscus  lineatus  Ehrenberg 
Coscinodiscus  radiatus  Ehrenberg 
Coscinodiscus  excentrieus  Ehrenberg 
Rhizosolenia  alata  Brightwell 

TROPICAL 

Baeteriastrum  varians  Lauder 
Chaetoceros  coarctatus  Lauder 
Chaetoceros  messanensis  Castraeane 
Hamiaulus  mebranaeeus  Cleve 
Hemiaulus  hauekii  Griinow 

NERITIC 

TEMPERATE  Hemiaulus  sinensis  Greville 

Amphiprora  gigantea  var.  sulcata  Lauderia  borealis  Gran 

(O’Meara)  Lithodesmium  undulatum  Ehrenberg 


Nitzschia  seriata  Cleve 

Rhizosolenia  acuminata  (H.  Peragallo)  Gran 
Rhizosolenia  imbricata  Brightwell 
Rhizosolenia  robusta  Norman 
Rhizosolenia  shrubsolei  Cleve 
Rhizosolenia  styliformis  Brightwell 
Thalassiothrix  frauenfeldii  (Grun.) 

Cleve  and  Grunow 

Thalassiothrix  longissima  (Brebisson)  Kalfs 

Hemidiscus  hardmaniana  Greville 
Rhizosolenia  calcar  avis  M.  Schultzs 
Thalassiothrix  mediterranea 
var.  pacifica  Cupp 
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Asterionella  japonica  Hassal 
Biddulphia  granulata  Roper 
Biddulphia  mobiliensis  Bailey 
Chaetocerus  affinis  Lauder 
Chaetoceros  affinis  Lauder 
Chaetoceros  curvisetus  Cleve 
Chaetoceros  didymus  Ehrenberg 
Coscindiscus  asteromphalus  Ehrenberg 
Coscinodiscus  granii  Gough 
Coscinodiscus  wailesii  Gran  and  Angst 
Coscinosira  polychorda  Gran 
Ditylum  brightwelli  (West)  Griinow 
Eucampia  zodiacus  Ehrenberb 
Eupodiscus  radiatus  Bailey 
Guinardia  flaccida  (Castracans) 

H.  Peragallo 

Gyrosigma  balticum  W.  Smith 


Nitzschia  longissima  (Brebisson)  Ralfs 
Nitzschia  paradoxa  (Gmelin)  Griinow 
Pleurosigma  angulatum  W.  Smith 
Rhizosolenia  setigera  Brightwell 
Rhizosolenia  stolterfothii  H.  Peragallo 
Schroederella  delicatula  (H.  Peragallo) 
Pavillard 

Skeletonema  costatum  (Greville)  Cleve 
Stephanopyxis  palmeriana  (Greville)  Griinow 
Thalassionema  nitzschioides  Griinow 
Thalassiosira  decipiens  Griinow 
Thalassiosira  subtilis  (Ostenfeld)  Gran 


TYCHOPELAGIC 


Actinocyclus  sp. 

Actinoptychus  undulatus  (Bailey)  Ralfs 
Amphora  sp. 

Biddulphia  pulchella  Gray 
Biddulphia  smithii  Ralfs 
Cocconeis  sp. 

Campylodiscus  cribosus  Ehrenberg 
C'ampylosira  cymbelliformis 
A.  Schmidt  (Grunow) 

Epithemia  gibba  Kutzing 
Epithemia  musculus  Kutzing 
Grammatophora  angulosa  Ehrenberg 
Grammatophora  marina 
i  Lyngbye)  Kutzing 


Licmophora  abbreviata  Agardh 
Melosira  moniliformis  (Miillen )  Agardh 
Melosira  sulcata  (Ehrenberg)  Kutzing 
Navicula  spp. 

Nitzschia  closterium  (Ehrenberg)  W.  Smith 
Nitzschia  sigma  var.  rigida  Kutzing 
Plagiogramma  vanheurckii  Grunow 
Striatella  unipunctata  Agardh 
Surirella  gemma  Ehrenberg 
Synedra  superba  Kutzing 
Synedra  spp. 

Triceratium  favus  Ehrenberg 


Also  many  very  minute  naviculoid  forms  often  found  in  the  mucilagi¬ 
nous  sheaths,  flotation  strands  and  other  microscopic  debris  in  the  samples. 

KEY  OF  THE  COMMON  PLANKTON  DIATOMS  OF  THE  ROCKPORT..  TEXAS  BAY  AREA 

A.  Valves  with  a  concentric  or  radiating  sculpture  around  a  point  or  points,  central 

or  lateral,  never  arranged  in  relation  to  a  middle  line.  Without  raphe  or 
pseudoraphe.  Outline  circular,  oval,  or  elliptical,  sometimes  polygonal,  rarely 
crescent-shaped  or  spindle-shaped.  Chromatophores  commonly  numerous. 
Auxospores  formed  with  or  without  conjugation. . Order  Centrales 

B.  Valves  not  centrally  constructed,  not  arranged  in  relation  to  a  central  point  but 

to  a  median  line.  Bilaterally  symmetrical.  Outline  generally  boat-shaped  or 
rod-shaped,  sometimes  oval,  cuneate,  crescent-shaped,  or  sigmoid;  markings 
generally  pinnate  or  transverse.  True  raphe,  or  hyaline  median  line  (pseudo- 

raphe),  or  raphe  obscured  by  lateral  wings  or  keel,  always  present.  Processes 

such  as  horns,  spines,  etc.,  uncommon.  Cell  capable  of  spontaneous  movement 
if  a  true  raphe  is  present.  Chromatophores  commonly  large  and  few  present. 
Auxospores  (except  in  Araphideae )  normally  formed  by  conjugation. 

. Order  Pennales 


CENTRALES 


A.  Valves  circular 

a.  Markings  not  divided  into  sections . Family  Coscinodiscaceae 

b.  Markings  divided  into  sections 

(a)  With  eyes  or  knobs . Family  Eupodiscaceae 

(b)  Without  eyes  or  knobs . Family  Actinodiscaceae 

B.  Valves  staff-shaped  . Family  Soleniaceae 

C.  Valves  usually  elliptical,  sometimes  polygonal,  circular  or  semi-circular;  unipolar, 

bipolar,  or  multipolar  each  pole  represented  by  an  angle  or  by  a  horn  or  spine, 
or  both  by  angles  and  horns. 

a.  Frustules  with  intercalary  bands 

(a)  Frustules  with  short,  thick  horns,  or  when  horns  are  longer  with 

claws  interlocked  . Family  Biddulphiaceae 

(b)  Frustules  forming  long  filaments  by  the  interlocking  of  long  bristly 

hairs  . . Family  Chaetoceraceae 

b.  Frustules  without  intercalary  bands  or  horns; 

semi-circular . .  Family  Euodiaceae 

Eupodiseaceae  1.  Eupodiscus 

Actinodiscaceae  2.  Actinoptychus 

Euodiaceae  3.  Hemidiscus 
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COSCINODISCACF.AE 

A.  Frustules  forming  long  filaments 

a.  Frustules  held  together  by  delicate  siliceous  projections  or  gelatinous  threads 

(a)  Frustules  with  one  to  four  such  threads 

With  one  such  thread  . 4.  Thalassiosira 

With  more  than  one  such  thread . 5.  Coscinosira 

(b)  Frustules  with  more  than  four  such  projections 

Valve  surface  coarsely  areolate . 6.  Stephanopyxis 

Valve  surface  hyaline  . 7.  Skeletonema 

(c)  Frustules  held  together  by  valve  surface . 8.  Melosira 

B.  Frustules  single  or  only  forming  short  filaments; 

Valves  uniformly  marked  . 9.  Coscinodiscus 

SOLENIACEAE 

A.  Frustules  with  conical  valves  having  excentric  processes . 10.  Rhisosolenia 

B.  Frustules  without  conical  valves 

a.  Valves  with  a  rudimentary  tooth  at  valve  margin  . 11.  Guinardia 

b.  Valves  without  such  a  tooth,  but  with  marginal  spinulae . 12  Lauderia 

CHAETOCERACEAE 

A.  Frustules  with  two  bristly  hairs  to  each  valve . 13.  Chaetoceros 

B.  Frustules  with  at  least  four  bristly  hairs  to  each  valve . 14.  Bacteriastrum 

BIDDULPHIACEAE 

A.  Frustules  with  two  angles  in  valve  view;  with  cormitate  processes 

a.  Processes  terminated  with  short  spines  . 15.  Hemiaulus 

b.  Processes  with  simple  boss-like  projections . 16.  Eucampia 

c.  Processes  without  spines  . 17  Biddulphia 

B.  Frustules  with  more  than  two  angles  in  valve  view 

a.  Frustules  solitary  with  long  central  spine . 18.  Ditylum 

b.  Frustules  united  in  chains  . 19.  Lithodesmium 

ARAPHIDEAE 

A.  Frustules  with  intercalary  bands  and  septa  always  present 

and  distinct .  Family  Tabellariaceae 

B.  Frustules  with  intercalary  bands  sometimes  present  but  always 

without  septa  . Family  F ragil lariaceae 

BIRAPHIDEAE 

1 .  Valves  with  a  canal-raphe 

a.  Raphe  in  keel  lying  on  valve  face  and  often  excentric, 

with  carinal  dots  . Family  Nitzschiaceae 

b.  Raphe  in  two  lateral  wings  and  connected  by  canals 

with  protoplast  . Family  Surirellaceae 

B.  Valves  without  a  canal-raphe 

a.  Raphe  occupying  the  apical  axis,  usually  without  a  keel, 

but  when  present  without  carinal  dots  . Family  N  aviculaceae 

b.  Raphe  not  occupying  the  apical  axis,  sometimes  on  an 

excentric  keel,  without  carinal  dots . Family  Epithemiaceae 

Nitzschiaceae  20.  Nitzschia 

Surirellaceae  21.  Surirella 

Epithemiaceae  22.  Epit  hernia 

TABELLARIACEAE 

A.  Frustules  in  girdle  view  rectangular 

a.  Usually  two  intercalary  bands  each  with  two  polar  wavy  septa  that  run 

far  toward  the  cell  center  leaving  a  central  window.  .23.  Gram matophora 

b.  Intercalary  bands  numerous,  open  on  one  end  and  . 24.  Striatella 

B.  Frustules  in  girdle  view  wedge-shaped  . 25.  Licmophora 

FRAGILLARIACEAE 

A.  Frustules  forming  a  filament 

a.  Frustules  in  girdle  view  rectangular-tabular . 26.  Plagiogramma 

b.  Frustules  in  girdle  view  crescent-shaped,  one  valve  convex, 

the  other  concave  . 27.  Campylosira 

B.  Frustules  forming  zigzag  or  stellate  chains 

a.  Frustules  with  one  end  inflated  more  than  other 
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(a)  Frustules  quite  long  with  one  end 

inflated  but  slightly  .  28.  Thalassiothrix 

(b)  Frustules  not  so  long  with  one  end  much  inflated  29-  Asterionella 
b.  Frustules  with  ends  similar 

(a)  Frustules  with  small  terminal  spines  .  30.  Thalassionema 

(b)  Frustules  without  terminal  spines  . 31.  Synedra 

NAVICULACEAE 

A.  Frustules  with  sigmoid  flexure 

a.  Valve  striae  at  right  angles . 32.  Gyro  sigma 

b.  Valve  striate  decussating  . 33.  Pleurosigma 

B.  Frustules  not  sigmoid 

a.  Frustules  spirally  twisted  with  slite  projections; 

some  complex  . 34.  Amphiprora 

b.  Frustules  sublunate,  raphe  close  to  margin  of  cell  . 35.  Amphora 


TAXONOMIC  TREATMENT  OF  THE  CHIEF  COMMON  PLANKTON  DIATOMS 
OF  THE  ROCKPORT,  TEXAS.  BAY  AREA 
Genus  1.  Eupodiscus  Ehrenberg 

Valves  disk-shaped,  with  cellular  and  granular  structure  without  a  median  area. 
One  to  four  processes  not  connected  with  one  another.  Girdle  face  rather  narrow. 
Neritic. 


FIG.  3.  Eupodiscus  radiatus  Bailey.  (Note:  The  scale  on  this  and  the  following 
drawings  represents  10  microns.) 
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Eupodiscus  radiatus  Bailey  (Fig.  3) 

Cleve  and  Moller  slide  no.  257,  Phila.  Acad.  Sci. 

Valve  thick-walled,  strongly  rounded,  almost  flat  in  the  center  with  four  pro¬ 
cesses  or  "eyes”  near  the  margin.  Valve  surface  with  polygonal  chambers  arranged 
in  radial  rows.  Diameter  75-182  microns. 

Genus  2.  Actinopty clous  Ehrenberg 

Cells  disk-shaped,  single.  Valves  divided  into  sectors  alternately  raised  and  de¬ 
pressed.  Smooth  central  area. 

Actinopty chus  undulatus  (Bailey)  Ralfs  (Fig.  4) 

1930.  Lebour.  Plank,  Diat.  North.  Seas,  p.  51* 

Cells  with  six  radial  sectors,  the  raised  ones  with  a  short  blunt  process  in  middle 
of  inner  edge  of  margin.  Areolae  about  6  in  10  microns.  In  depressed  sectors  puncta- 
tion  coarser,  radial  striation  less  striking,  oblique  rows  stronger.  Numerous  small 
spines  on  outer  part  of  valve  and  valve  margin.  In  girdle  view  valve  surfaces  appear 
twisted.  Diameter  40-140  microns.  Neritic.  Bottom  forms  occasionally  in  the  plankton. 

Genus  3.  Hemidiscus  Wallich 

Vale  large,  semi-lunate,  finely  striate,  with  margins  of  small  spines,  from  which 
arise  somewhat  more  robust  striae.  Striae  radiating,  finely  punctate,  extending  to 
smooth  center  of  valve.  Girdle  face  cuneate. 


FIG.  4.  Actinopty  chus  undulatus  (Bailey)  Ralfs. 


*  Consult  bibliography  for  source  of  figures  cited. 
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FIG.  6.  Hemidiscus  hardmaniana 
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FIG.  7.  Plankton  sample  showing:  (a)  Ditylum  brigbtwellii,  (b)  Chaetoceros 
affinis,  (c)  Thalassiosira  decipiens.  (d)  Skeletonema  costatum  (e)  Cos- 
cinodiscus  sp.  (f)  Stephanopyxis  palmeriana. 


Hemidiscus  hardmaniana  Greville  (Figs.  5,  6,  23) 

1896.  Van  Heurck,  Trent.  Diat.  p.  538. 

Cell  wall  thin.  15-18  striae  in  10  microns.  Length  of  flat  surface  of  valve  232-400 
microns.  Cells  frequently  appearing  in  twos,  failing  to  separate  imediately  after  di¬ 
vision.  Oceanic.  In  the  bay  plankton  appearing  with  Coscinodiscus  asteromphalus,  but 
in  much  less  numbers. 

Genus  4.  Thalassiosira  Cleve 

Cells  short,  usually  dish-shaped,  united  in  flexible  chains  by  a  cytoplasmic  thread 
with  distinct  gaps  in  between  the  cells,  or  occasionally  imbedded  in  a  matrix.  Valves 
finely  sculptured  with  marginal  spines.  Valves  rounded  or  flat. 

Thalassiosira  decipiens  Grunow  (Fig.  7) 

1930.  Lebour.  p.  56 

Cells  in  loose  chains  with  comparatively  long  spaces  between  them.  Valves 
slightly  curved  with  rounded  margins  and  a  row  of  strong  curved  marginal  spinules. 
Mashes  in  valve  sculpture  in  curved  lines  not  radiating  from  center.  Diameter  20-34 
microns.  Neritic.  Common  but  not  abundant  in  the  bay  plankton. 

Genus  5.  Coscinosira  Gran 
Cells  like  Thalassiosira  but  united  by  several  threads. 

Coscinosira  polychorda  Gran 

1930.  Lebour.  p.  65. 

Valves  flat,  with  distinct  reticulate  pattern  and  one  row  of  spinulae.  Four  to 
nine  slime  pores  near  center  of  circle.  Diameter  20-40  microns.  Neritic.  Only  one 
specimen  observed. 
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FIG.  8.  Sample  showing  characteristic  diatoms,  (a)  Coscinodiscus  asteromphalus, 
(b)  Rhizosolenia  setigera,  (c)  Thalassiothrix  mediterranea  var.  pacifica, 
(d)  Skeletonema  costatum,  (e)  Chaetoceros  af finis. 


Genus  6.  Stephanopyxis  Ehrenberg 

Cells  oblong,  oval,  or  nearly  circular  with  hexagonal  areolations.  Usually  in 
chains.  Margins  rounded  with  a  crown  of  stout  spines  or  hollow  needles,  nearly 
parallel  with  the  pervalvar  axis.  No  intercalary  bands.  Chromatophores  small,  rounded, 
numerous. 

Stephanopyxis  palmeriana  (Greville)  Grunow  (Figs.  7,  8a) 

1943.  Cupp.  Mar.  Plank.  Diat.  N.  Coast  N.  Amer,  p.  42 

Margin  of  valve  slightly  narrowed.  Hexagonal  areolations  slightly  smaller  near 
girdle  line  than  on  rest  of  valve.  Areolae  in  10  microns  at  center  of  valve, 

3V^-4  on  upper  mantle,  and  5-5V2  near  girdle  line.  Diameter  of  cells  23-77 
microns.  Cells  united  by  10-22  hollow  spines  arranged  in  circle  at  each  end  of  cell. 
Neritic.  Fairly  abundant. 

Genus  7.  Skeletonema  Greville 

Cells  in  long  chains  held  together  by  a  row  of  fine  spines  at  the  edge  of  each 
valve  which  interlock  with  those  of  another  midway  between  valves.  Cells  circular, 
oblong,  or  cylindrical.  Valves  circular,  somewhat  arched,  without  distinct  structure. 
Cytoplasm  of  neighboring  cells  in  contact  through  the  hollow  spines.  Chromatophores 
one  or  two  in  a  cell. 

Skeletonema  costatum  (Greville)  Cleve  (Figs.  7,  8) 

1943.  Cupp.  p.  43. 

Cells  lens-shaped,  elliptical  or  cylindrical  with  rounded  ends.  Chains  long,  thin, 
usually  straight.  Space  between  cells  usually  longer  than  cells  themselves.  Diameter 
of  cells  3-20  microns.  Neritic.  Very  abundant. 
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FIG.  BA.  Stephanopyxis  palmeriana. 


FIG.  9. 


(a)  Melosira  sulcata,  (b)  Melosira  moniliformis. 
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Genus  8.  Melosira  Agardh 

Cells  cylindrical  or  circular,  usually  fine  sculptured  with  small  punctae,  or  with 
punctae  and  areolae,  closely  united  in  straight  bead-like  chains  by  the  center  of  the 
valves.  Intercalary  bands  none  or  many  and  long.  All  coastal  and  bottom  forms,  oc¬ 
casionally  found  in  the  plankton. 

Melosira  moniliformis  (Muller)  Agardh  (Figs.  2,  9) 

1943.  Cupp.  p.  39. 

Cells  short,  cylindrical  in  chains,  united  in  twos  by  girdle  bands.  Valves  and 
girdle  punctated.  Valves  circular,  very  convex,  thick-walled.  Intercalary  bands  many. 
Diameter  17-50  microns.  Rare. 

Melosira  sulcata  (Ehrenberg)  Kutzing  (Fig.  9) 

1930.  Lebour,  p.  29. 

Valve  disk  bordered  with  series  of  coarse  alveoli.  Central  portion  hyaline.  One 
girdle  band  usually  covering  the  halves  of  two  cells.  Chromatophores  numerous, 
small.  Diameter  27-40  microns.  Raie. 


FIG.  10.  Coscinodiscus  aster  omphalus. 
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Genus  9.  Coscinodiscus  Ehrenberg 

Cells  disk  or  box  shaped,  single  or  in  twos  immediately  after  dividing.  Valves 
circular  with  hexagonal  areolae  arranged  in  various  ways.  Center  of  disk  either  smooth 
or  sculptured.  Marginal  spinulae  present  or  absent.  Apicuii,  one  or  two  present  or 
absent.  Valves  flat,  slightly  or  much  rounded,  flat  or  depressed  in  the  center.  Cell 
low  to  nearly  as  high  as  broad,  or  higher  on  one  side  than  the  other.  Chromatophores 
numerous  small  plates. 

Coscinodiscus  aster  omphalus  Ehrenberg  (Figs.  8,  10,  11) 

1875.  Schmidt.  Atlas,  pi.  63„  fig.  12. 

Markings  of  rather  robust  alveoli  arranged  in  radial  lines  beginning  at  a  cen¬ 
tral  rosette  and  bifurcating  as  they  go  outward.  Upper  surface  of  each  alveolus  has 
a  dotted  appearance,  including  those  of  the  rosette.  No  spinulae  or  spiculae.  Diamter 
of  valve  130-240  microns.  Common  and  very  abundant  at  times. 

Coscinodiscus  concinnus  W.  Smith  (Fig.  12) 

1943.  Cupp.  p.  58. 

Cells  drum-shaped,  large  with  convex  valves,  flat  or  slightly  concave  in  the 
center.  Thin-walled,  areolation  delicate  with  a  central  rosette.  Areolae  about  14  in 
10  microns  just  outside  central  area  about  15  near  margin.  Marginal  spinulae  and 


FIG.  11.  Coscinodiscus  aster  omphalus.  Valve  view. 
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FIG.  13.  Coscinodiscus  granii.  (a)  Two  cells  recently  divided,  (b)  Valve  view. 
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radiating  hyaline  lines  distinct.  Spinulae  10-12  microns  apart,  5-10  microns  from 
the  margin.  Two  small  apiculae  present.  Diameter  of  valve  165-250  microns.  Com 
mon  but  never  abundant. 

Coscinodiscus  excentricus  .Ehrenberg 
1853.  W.  Smith.  Brit.  Diat.,  Vol.  1,  pi.  e,  fig.  38. 

Valve  circular.  Margin  with  numerous  small  spines.  Alveoles  diminishing  gradu¬ 
ally  up  to  margin,  where  there  is  a  narrow  zone  of  much  smaller  alveoles.  Rows  of 
alveoles  form  excentric  lines,  about  5  rows  in  10  microns  in  center  of  valve.  Diameter 
50-60  microns.  Common  but  never  abundant. 

Coscinodiscus  granii  Gough  (Fig.  13) 

1943.  Cupp.  p.  57. 

Cells  with  diameter  from  75-170  microns.  Central  areolae  in  rosette.  Marginal 
spinulae  and  two  spiculi  present.  Areolae  rather  fine  about  10  in  10  microns  mid¬ 
way  to  margin.  Cells  normally  with  excentric  arched  valves.  Common  but  never 
in  abundance. 

Coscinodiscus  radiatus  Ehrenberg  (Fig.  14) 

1943.  Cupp.  p.  56. 

Cells  flat,  coin-shaped.  Valve  surface  with  coarse  areolae  without  a  rosette  or 
central  area.  Areolae  of  about  the  same  size  3-4  microns,  except  at  margin  where 
smaller  6-7  microns.  Radial  rows  usually  distinct.  Valve  margin  narrowly  striated. 
No  spinulae  or  apinulae  or  spiculae.  Diameter  45-88  microns.  Fairly  common. 


FIG.  14.  Coscinodiscus  radiatus. 
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Coscinodiscus  wailesii  Gran  and  Angst  (Fig.  15) 

1943.  Cupp.  p.  59. 

Cells  large.  Center  of  valve  hyaline  with  irregular  outline.  Areolae  about  6  in 
10  microns  slightly  decreasing  from  central  area  outward.  Marginal  spines  3-5 
microns  from  edge  of  mantle,  invisible  from  valve  view.  Diameter  of  valves  230-465 
microns.  Fairly  common. 


FIG.  15.  Coscinodiscus  wailesii  with  Rhizosolenia  alata. 


FIG.  16.  Rhizosolenia  acuminata. 
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Genus  10.  Rhizosolenia  (Ehrenberg)  Brightwell 

Cells  cylindrical  with  greatly  elongated  pervalvar  axis,  living  singly  or  in  chains, 
like  elongated,  blunt  or  sharp,  solid  or  hollow.  In  most  species  the  numerous  inter¬ 
calary  bands  are  rhombic,  trapezium-like,  or  scaig-like.  Cell  walls  thin  throughout 
Chromatophores  small,  numerous  and  especially  massed  in  the  girdle  zone  about  the 
nucleus. 

Rhizosolenia  acuminata  ( H.  Peragallo)  Gran  (Fig.  16) 

1943.  Cupp.  p.  94. 

Cells  straight  with  a  long  conical  valve.  Process  small  with  elongated  hollow 
base  but  no  wings.  Intercalary  bands  scale-like,  from  4  to  many  rows.  Oceanic  Ap¬ 
peared  in  small  numbers  in  July,  1950. 

Rhizosolenia  alata  Brightwell  (Figs.  15,  17,  32) 

1943.  Cupp.  p.  91. 

Cell  straight,  valves  shortly  conical  ending  in  a  tube-like  somewhat  curved 
process.  Expression  at  base  of  cell  into  which  apex  of  adjacent  cell  fits.  Intercalary 
bands  scale-like,  rhombic  in  two  dorsiventral  rows,  finely  striated  Diameter  9-65 
microns.  Oceanic.  Occasional.  Very  abundant  in  July,  1950,  at  several  stations.' 

Rhizosolenia  calcar  avis  M.  Schultze  (Figs.  18,  23) 

1930.  Lebour.  p.  100. 

Cells  rod-shaped,  cylindrical  valves  regularly  conical  curved  at  the  apex.  Pro¬ 
cess  strong,  gradually  diminished  in  size  from  the  base  to  the  point,  curved  like  a 
claw.  No  wings  on  the  process.  Intercalary  bands  with  2-8  more  rows,  scale-like 
2 tz-a  1C'.  ^brication  lines  difficult  to  see.  Cell  wall  very  finely  punctated.  Diameter 
32-60  microns,  length  up  to  340  microns.  Oceanic.  Fairly  common. 


*■'  ■  .  . .  . 
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FIG.  17.  Rhizosolenia  alata. 


FIG.  18.  Rhizosolenia  calcar  avis. 
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FIG.  19.  Rhizosolenia  imbricata. 


Rhizosolenia  imbricata  Brightwell  (Figs.  19,  24) 

1896.  Van  Heurck.  pi.  33,  fig.  885. 

Cells  cylindrical  with  elliptical  section.  Small  robust  spine  on  valve.  Cell  wall 
well  silicified.  Intercary  bands  with  coarse  striae  finely  divided  transversely.  Lines  of 
imbrication  lateral,  straight,  very  distant  in  each  pair.  Diameter  of  valve  20-40 
microns.  Excepting  for  its  larger  size  and  more  southerly  distribution,  very  much 
like  R.  shrubsolei.  Common. 

Rhizosolenia  robusta  Norman  (Fig.  20) 

1943.  Cupp.  p.  85. 

Cells  with  deeply  convex  or  conical  curved  valves.  Valvar  plane  eliptical.  Cells 
either  crescent  or  S-shaped.  Usually  living  singly  or  in  short  chains.  Intercalary  bands 
robust,  numerous,  typically  collar-shaped.  Calyptrae  with  distinct  longitudinal  lines. 
Process  excentric  with  fine,  bristle-like  point  and  suddenly  dilated  hollow  base.  Cell 
wall  more  siliceous  than  in  other  species.  Oceanic.  Common  but  never  in  abundance. 
Diameter  185-200  microns. 

Rhizosolenia  setigera  Brightwell  (Figs.  8,  20A) 

1896.  Van  Heurck.  pi.  17,  fig.  602. 

Cells  rod-like,  cylindrical.  Valves  conical,  only  slightly  oblique.  Apical  process 
cylindrical,  thickened  for  some  distance  from  base,  with  a  very  long  fine,  straight 
spine.  Intercalary  bands  scale-like.  Wall  without  distinct  or  visible  structure.  Diameter 
6-20  microns.  Neritic.  Fairly  common. 

Rhizosolenia  shrubsolei  Cleve  (Figs.  20,  21) 

1930.  Lebour.  p.  97. 

Cells  single  or  in  chains.  Valves  oblique,  pointed,  the  apical  process  hollow 
most  of  the  way  up  with  small  wings  at  base.  Intercalary  bands  numerous,  scale-like 
in  two  rows  forming  a  triangular  imbricating  row  on  each  side  of  apex.  Intercalary 
bands  with  ribs  running  from  middle  fan-like  towards  the  sides  on  an  average  of 
17-18  in  10  microns.  Common  but  not  abundant.  Diameter  9-38  microns  with  lengths 
up  to  400  microns. 
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FIG.  20.  (a)  Rhizosolenia  robust  a,  (b)  Rhizosolenia  shruhsolei,  (c)  Rhizosolenia 

stolterfothii. 
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Rhizosolenia  stolterfothii  H.  Peragallo  (Figs.  20,  22) 

1943.  Cupp.  p.  84. 

Cells  in  curved  chains  with  flat  valves  rounded  at  edges.  Intercalary  bands 
collar-like,  numerous.  Imbrication  lines  not  always  distinct.  Cell  wall  weakly  silice¬ 
ous.  Neritic,  sometimes  regarded  as  oceanic.  Fairly  common.  Diameter  10-35  microns. 

Rhizosolenia  styliformis  Brightwell 

1943.  Cupp.  p.  87. 

Cells  cylindrical  with  oblique  valves  sharper  than  in  Rhizosolenia  shrubsolei. 
Valve  has  a  long  cavity  which  penetrates  its  tip,  and  with  wing-like  expansion.  Very 
fine  sculpturing  on  bands.  Diameter  25-65  microns,  length  up  to  1  millimeter. 
Oceanic.  Rare. 


FIG.  20A.  Rhizosolenia  setigera. 


FIG.  21.  Rhizosolenia  shrubsolei. 
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FIG.  22.  (a)  Hemiaulus  hauckii,  (b)  Rhizosolenia  stolterfothii. 


Genus  W.  Guinardia  H.  Peragallo 

Cells  cylindrical,  longer  than  broad,  with  a  straight  or  slightly  curved  pervalvar 
axis,  living  singly  or  united  in  a  straight  to  twisted  close-set  chain.  Intercalary  bands 
nqmerous,  collar-like  or  with  cuneate  ends.  Valves  circular,  surface  flat,  an  asymmet¬ 
rical  lateral  rudimentary  tooth  at  the  valve  margin.  Chromatophores  numerous, 
roundish,  more  or  less  lobed. 

Guinardia  flaccida  (Castracans)  H.  Peragallo  (Figs.  2,  24) 

1943.  Cupp.  p.  78. 

Cells  at  least  one  and  a  half  longer  than  broad.  Valve  nearly  fiat.  Cell  wall 
weakly  siliceous  without  visible  sculpturing.  Diameter  39-50  microns.  Neritic.  Com¬ 
mon  but  never  abundant. 

Genus  12.  Lauderia  Cleve 

Cells  shortly  cylindrical,  united  in  straight  chains  by  very  fine  threads,  either 
touching  or  separated.  Valve  with  an  unpaired  oblique  outwardly-directed  spicule. 
Center  of  valve  slightly  sunk  in.  Intercalary  bands  numerous,  collar-shaped  more  or 
less  conspicuous.  Chromatophores  numerous  small  plates.  Valve  surface  radially 
striated. 

Lauderia  borealis  Gran  (Fig.  2) 

1943.  Cupp.  p.  74. 

Cells  in  thick,  straight  lines.  Marginal  spinulae  straight  with  straight,  radiating, 
longer  on  shorter  threads,  the  longer  reaching  the  adjacent  cell.  Cell  walls  compara¬ 
tively  delicate.  Diameter  25-38  microns.  Neritic.  Rare. 
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FIG.  23.  Living  specimens  in  sea  water,  (a)  Hemidiscus  hardmaniana,  (b)  Gui- 
nardia  flaccida.  (c)  Rhizosolenia  calcar  avis,  (d)  Pleurosigma  angulatum. 


Genus  13.  Chaetoceros  Ehrenberg 

Cells  with  oval  section  to  almost  or  rarely  completely  circular  in  valve  view; 
in  broad  girdle  view  quadrangular  with  straight  sides  and  concave,  flat  or  slightly 
convex  ends.  Valve  consisting  of  a  more  or  less  flat  end  surface  ( valve  surface )  and 
a  cylindrical  part  (valve  mantle).  Valve  bearing  at  each  end  of  the  long  axis  ( apical 
axis)  on  the  corners,  a  long  thick  or  thin  seta,  bristle,  or  awn.  The  opposite  setae 
of  adjacent  cells  touch  one  another  near  their  origin,  usually  directly,  and  firmly  at 
a  point  near  their  base,  thus  forming  a  chain  with  various-sized  apertures  between 
cells.  Length  of  chain  limited  by  specially  formed  end  cells  having  terminal  setae  usu¬ 
ally  shorter  and  thicker  and  more  nearly  parallel  to  the  chain  axis  than  the  others. 
Chromatophores  vary  greatly  but  are  constant  in  size  and  number  for  a  given  species. 
Great  variations  observed  in  chains  of  the  same  species  from  different  localities,  and 
at  different  times  of  the  year. 

According  to  Cupp  (1943)  the  genus  Chaetoceros  includes  the  greatest  number 
of  species  of  the  truly  planktonic  diatoms. 

Chaetoceros  affinis  Lauder  (Figs.  7,  8,  25,  44) 

1943.  Cupp.  p.  125. 

Cells  in  broad  girdle  view  rectangular  with  sharp  corners  that  touch  those  of 
neighboring  cells.  Chains  straight,  10-30  microns  wide,  with  lanceolate  apertures 
slightly  constricted  in  the  middle,  and  with  terminal  setae  strongly  divergent,  thick, 
perpendicular  to  chain  axis  then  bent  parallel  to  axis.  Other  setae  delicate,  cell  girdle 
zone  usually  very  narrow.  Chromatophores  one.  Neritic.  Common,  sometimes  abund¬ 
ant. 
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FIG.  24.  (a)  Rhizosolenia  imbricata,  (b)  Guinardia  flaccida. 


Chaetoceros  coarctatus  Lauder  (Fig.  27) 


1943.  Cupp.  p.  107. 

Cells  cylindrical,  elliptical  in  valve  view.  Chains  long,  robust  in  appearance, 
with  the  two  ends  markedly  different.  Posterior  terminal  setae  large,  strongly  curved, 
heavily  spined,  shorter  than  the  others;  anterior  terminal  setae  less  robust,  curved 
toward  posterior  end,  spined  less  heavily.  Setae  in  center  of  chain  curved  like  anterior 
terminal  setae,  spined.  Valve  surface  flat.  More  or  less  deep  but  always  distinct  con¬ 
striction  between  the  rather  high  mantle  and  girdle  band.  Diameter  30-44  microns. 
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FIG,  27,  Chaetoceros  coarctatus.  Note  the  protozoan,  Vorticella,  often  found 
this  species. 


on 
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Chaetoceros  compressus  Lauder  (Fig.  30) 

Cupp.  p.  119.  1943. 

Valves  slightly  convex  or  flat,  the  setae  from  inside  the  margin.  Setae  rathei 
thin,  but  occasionally  between  the  cells  all  four  may  be  thick,  short  and  bent  toward 
same  end  of  chain.  Cells  four-cornered  in  girdle  view  with  rounded  corners  not 
touching  those  of  the  neighboring  cell.  Chromatophores  small,  4-20  microns  in  each 
cell.  Cells  8-22  microns  wide.  Rare. 

Chaetoceros  curvisetum  Cleve  (Fig.  28) 

1943.  Cupp.  p.  138. 

Chains  spirally  curved,  without  distinct  end  cells,  9-25  microns  wide.  Cells  in 
broad  girdle  view  rectangular  corners,  by  which  the  sister  cells  are  connected. 
Apertures  rhomic,  oval,  or  circular.  Setae  all  bent  toward  same  side  of  chain. 
Neritic.  Common  but  never  in  abundance. 

Chaetoceros  decipiens  Cleve  (Fig.  29) 

1943.  Cupp.  p.  115. 

Chains  straight,  stiff,  more  or  less  flattened,  usually  many-celled,  15-70  microns 
wide.  Cells  in  broad  girdle  view  oblong  with  more  or  less  extended  corners.  Setae 
arising  directly  from  the  edge  of  valve  and  continuing  perpendicular  to  the  chain 
axis  for  a  space  fused  together  in  pairs.  Terminal  setae  shorter  and  thicker  than  the 
others,  first  directed  obliquely  outwards,  then  bent,  so  that  the  outer  half  is  about 
parallel  to  the  chain  axis.  Chromatophorec  4-10  per  cell.  Rare. 


FIG.  28.  Chaetoceros  curvisetum. 
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FIG.  29.  (a)  Chaetoceros  decipiens,  (b)  Chaetoceros  peruvianas. 
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FIG.  30.  (a)  Chaetoceros  messanensis,  (b)  Chaetoceros  compressus. 
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FIG.  31.  Bacteriastrum  variant,  (a)  Two  cells  of  a  chain,  one  with  resting  spore. 

(b)  Valve  view  of  a  terminal  cell,  (c)  Valve  view  of  an  internal  cell. 
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FIG.  32.  Plankton  samples  in  pleurax.  (a)  Rhizosolenia  data,  (b)  Coscinodiscus 
sp.  (c)  Hemiauius  membranaceus .  (d )  hithodesmium  undulatum.  (e) 
Ceratium  tripos  (a  dinoflagellate) .  (f)  Hemiauius  bauckii.  (g)  Rhizoso¬ 
lenia  alata. 


Chaetoceros  messanensis  Castracane  (Fig.  30) 

Chains  straight.  Cells  rectangular  with  conspicuous  corners  by  which  sister  cells 
touch  each  other.  Apertures  fairly  wide.  Terminal  setae  strongly  diverging,  unlike. 
Some  inner  setae  fused  for  about  two-thirds  their  length.  These  forked  horns  are 
thicker  than  the  others.  Apical  axis  in  only  specimen  seen,  28  microns. 

Chaetoceros  peruvianus  Brightwell  (Fig.  29) 

1943.  Cupp.  p.  113.  n 

Cells  usually  solitary.  Valves  elliptical,  unlike,  the  upper  rounded,  lower  flat. 
On  girdle-band  margin  with  hollow  channel-like  distinct  groove.  Setae  of  upper  valve 
arising  from  near  margin,  both  pair  directed  backward,  the  lower  pair  more  nearly 
paralled  with  chain  axis.  Setae  strong  3-5  microns  thick,  four  sided  with  strong 
spines.  Cells  18-30  microns  broad.  Rare. 

Genus  14.  Bacteriastrum  Shadbolt 

Cells  cylindrical,  circular  in  cross  section.  Bound  into  loose  chains  by  fusion  of 
more  or  less  numerous  setae  regularly  arranged  around  margin  of  the  cells.  Setae 
of  two  adjacent  cells  fused  for  a  certain  distance  beyond  the  base,  farther  out  di¬ 
vided  again.  Terminal  setae  different  from  others,  often  curved,  not  bifurcated.  Usu¬ 
ally  intercalary  bands  absent.  Cell  wall  delicate  and  hyaline  without  clearly  visible 
structure.  Chromatophores  numerous,  small,  roundish,  more  or  less  lobed. 

Bacteriastrum  varians  Lauder  (Fig.  31) 

1896.  Van  Heurck.  pi,  18,  fig.  605.  , 

Valve  circular,  bearing  on  its  margins  a  corona  of  long  setae,  with  their  ends 
often  undulate,  sometimes  straight,  bifurcated  in  the  individuals  forming  the  internal 
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FIG.  32A  Hemi'wlus  membranaceus. 


FIG.  33.  Biddulphia  granulata. 
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portion  of  the  chain,  simple  and  more  or  less  curved  in  the  terminal  ones.  About 
twenty  cells  united  in  a  chain.  Diameter  13-64  microns.  Common,  sometimes  rather 
abundant. 

Genus  15.  Hemiaulus  Eh  re  n  berg 

Cells  single  or  in  chains.  Valves  elliptical  in  section  with  two  narrow  pointed 
polar  processes  parallel  with  the  cell  axis.  One  or  more  hyaline  claws  terminating 
the  processes.  Cells  more  or  less  bent.  Chromatophores  numerous. 

Hemiaulus  bauckii  Grunow  (Fig.  32) 

1943.  Cupp.  p.  168. 

Cells  long,  often  forming  chains  more  or  less  turned  about  the  long  axis. 
Oblong  on  girdle  view  with  long  thin  processes,  strongly  pointed.  Apertures  between 
cells  large.  Cell  wall  weakly  siliceous.  Apical  axis  24-37  microns.  Occasional. 

Hemiaulus  membranaceus  Cleve  (Figs.  32,  32A) 

1943.  Cupp.  p.  170. 

Cells  in  chains  rectangular  in  girdle  view  sometimes  five  to  six  times  wider 
than  long.  Processes  short  with  a  more  or  less  sharp  point.  Apertures  narrrow.  Cell 
wall  weakly  siliceous.  Pattern  difficult  to  see.  Length  of  apical  axis  34-55  microns. 
Rare. 

Hemiaulus  sinensis  Greville 

1943.  Cupp.  p.  169- 

Cells  broadly  elliptical  in  valve  view.  Chains  straight  or  curved.  Valve  with 
slightly  convex  surface  of  elliptical  outline.  Process  rather  strong  claw  on  end.  Cell 
wall  areolated -punctated.  Areolate  are  radial  but  areolation  centers  are  not  valve 
center.  Apical  axis  17-35  microns  long.  Neritic.  Rare. 

Genus  16.  Eucampia  Ehrenberg 

Valves  elliptical  in  girdle  view  with  two  blunt  processes  without  spines.  Numer¬ 
ous  intercalary  bands.  Chains  spirally  curved.  Large  apertures  between  the  cells. 
Chromatophores  numerous,  small. 

Eucampia  zodtacus  Ehrenberg  ( Fig.  2 ) 

1896.  Van  Heurck.  pi.  19,  fig.  628. 

Flattened  chains,  with  narrow  lanceolate  or  elliptical  apertures  which  may  vary 
greatly  in  size.  Valves  distinctly  sculptured  with  punctae  in  radial  rows  running 
outward  from  center  toward  the  two  robust,  rounded  processes  on  the  spines.  Neritic. 
Very  widely  distributed.  Common. 

Genus  17.  Biddulphia  Gray 

Cells  free  or  united  into  filaments  either  continuous  or  in  zigzag.  Cell  wall 
strongly  siliceous.  Valves  elliptic,  or  three  or  four  sided  (rarely  five  sided).  Girdle 
zone  sharply  differentiated  from  the  valve  zone,  girdle  face  more  or  less  quadrangu¬ 
lar,  showing  distinctly  the  two  obtuse  apical  processes.  In  plankton  forms  spines  usu¬ 
ally  present.  Chromatophores  numerous. 

Biddulphia  granulata  Roper  (Fig.  33) 

1896.  Van  Heurck,  pi.  20,  fig.  637. 

Valve  elliptic-lanceolate  with  two  long  spines,  alternate  and  approximate  with 
the  terminal  processes.  Spines  often  flexed  at  obtuse  angle  near  their  middle.  Punctae 
on  valve  and  connecting  zone  in  quincunx,  about  14  striae  in  10  microns.  Numerous 
small  awl-shaped  spines  on  valve.  Length  of  valve  50  to  80  microns.  Fairly  abundant 
in  July  and  August,  1950. 

Biddulphia  mobiliensis  Bailey  (Figs.  34,  35) 

1943.  Cupp.  p.  153. 

Cells  single  or  rarely  united  into  short  chains  by  the  long  spines.  Valve  pro¬ 
cesses  slender,  arising  inside  the  valve  margin,  directed  diaognally  outward.  Two 
large  spines  about  same  distance  from  process  as  from  each  other,  directed  obliquely 
outward.  Cell  wall  with  fine  reticulate  sculpture  14-16  areolae  in  10  microns  on  valve 
and  valve  mantle,  17-18  on  girdle  band.  Length  of  apical  axis  37-155  microns.  Neritic, 
truly  planktonic.  Common,  but  never  abundant. 
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Biddulphia  pulchella  Gray  (Fig.  35) 

1943.  Cupp.  p.  152. 

Valves  elliptical  with  swollen  margins,  strongly  scultpured,  in  the  middle 
mostly  with  a  few  small  closely  opposed  spines;  ribs  2-6.  Corner  processes  with  large 
rounded  heads.  Length  of  valve  (apical  axis)  70-150  microns.  A  bottom  form 
rarely  seen  in  the  plankton,  then  usually  in  zigzag  chains. 


FIG.  34.  Biddulphia  mobiliensts . 
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Biddulphia  smithii  Ralfs  (Fig.  35) 

1930.  Lebour.  p.  184. 

Cells  cylindrical,  valves  circular  in  outline,  equally  swollen,  with  two  stumpy 
processes,  and  alternating  with  the  processes,  two  simple  spines.  Girdle  zone  a  low 
cylinder  bordered  by  a  very  slight  constriction  of  the  valve  zone.  Diameter  24-51 
microns.  Rare. 


FIG.  35.  (a)  Biddulphia  smithii.  (b)  Biddulphia  pulchella.  (c)  Biddulphia 

m  obi  lien  sis. 
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FIG.  36.  Campylodiscus  cribosus. 


FIG.  37  (a)  Coscinodiscus  spp.  (b)  Radiolarian  (protozoan),  (c)  Chaetoceros 

sp.  (d)  Rhizosolenia  spp.  (e)  A  copepod  (crustacean). 
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FIG.  39.  Lithodesmium  undulatum.  Chain  of  three  cells. 
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Genus  18.  Ditylum,  Bailey 

Valve  angular  three  to  four  cornered  with  a  long  central  spine  and  radiant 
punctae.  Cells  elongated,  prism-shaped  to  cylindrical.  Solitary  or  united.  Valve  rim 
strengthened  by  ribs.  Valve  surface  more  or  less  waved. 

Ditylum  brightwellii  (West)  Grunow  (Figs.  7,3b,  44) 

1943.  Cupp.  p.  149. 

Cells  prism-shaped  with  strongly  rounded  angles  to  nearly  cylindrical,  usually 
three  to  five  times  as  long  as  broad.  Girdle  zone  very  long.  Cell  wall  weakly  siliceous, 
valves  areolated-punctated.  Diameter  20-68  microns.  Chromatophores  small,  numer¬ 
ous.  Common,  sometimes  abundant. 

Genus  19.  Lithodesmium  Ehrenberg 

Frustules  very  slightly  siliceous,  united  into  a  long  filament,  and  connected  to 
one  another  by  a  cellular  membrane.  Valve  triangular,  with  angles  inflated,  raised 
and  terminated  by  a  robust  awn.  Long  thin  hollow  spine  in  center  of  valve.  Inter¬ 
calary  bands  present,  collar-like.  Chromatophores  numerous,  small. 

Lithodesmium  undulatum  Ehrenberg  (Figs.  32,  39) 

1943.  Cupp.  p.  151. 

Valves  triangular.  Striae  delicate  10-14  in  10  microns  at  margin  of  the  valve, 
radiant,  finely  punctate.  Connective  membrane  with  coarser  areolae,  10-14  in  10 
microns.  Neritic.  South  temperate  species.  Common  in  this  area. 

Genus  20.  Nitzschia  Hassal 

Cells  spindle-shaped,  simple  or  united  into  colonies.  Valves  with  raphe  in  a 
keel,  no  central  nodule.  Keels  of  the  two  valves  diagonally  opposite.  Striae  trans¬ 
verse,  punctate.  Chromatophores  usually  two. 

Nitzschia  seriata  Cleve  (Figs.  40,  41) 

1930.  Lebour.  p.  213. 

Cells  with  rounded  ends,  united  in  stiff,  hair-like  chains,  such  that  the  cells 
lie  together  for  a  short  way  along  their  points.  Length  of  valves  80-140  microns, 
width  6-8  microns.  Chromatophores  two.  Neritic.  Common  but  never  in  abundance. 
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FIG.  41.  (a)  Nitzschia  longissima .  (b)  Nitzschia  closterium.  ( c )  Nitzschia  seriata. 

(d)  Nitzschia  paradoxa,  colonies. 


Nitzschia  paradoxa  (Gmelin)  Grunow  (Fig.  41) 

1943.  Cupp.  p.  207. 

Cells  united  into  movable  colonies  such  that  the  cells  slide  along  one  another. 
Rectangular  in  girdle  view,  linear-lanceolate  in  valve  view  with  pointed  ends.  Keel 
nearly  central.  Length  of  valves  100-140  microns,  width  4-6  microns.  Chromatophores 
small  and  numerous.  Common  but  never  in  abundance. 

Nitzschia  closterium  (Ehrenbeig)  W.  Smith  (Fig.  41) 

1930.  Lebour.  p.  212. 

Cells  single,  motile.  Ends  hair-like,  flexible.  Center  lanceolate.  Chromatophores 
two  in  center  only.  Cells  slightly  bent.  Valve  length  25-122  microns.  Fairly  common, 
but  never  in  abundance. 

Nitzschia  longissima  (Brebisson)  Ralfs  (Fig.  41) 

1943.  Cupp.  p.  201. 

Valves  linear-lanceolate  with  very  eccentric  keel.  Ends  extended  into  very  long 
horns.  Keel  punctae  8-14  in  10  microns.  Valve  length  200-475  microns.  Rare. 
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Nitzschia  sigma  var.  rigida  Kutzing 
1853.  W  .Smith,  pi.  15,  fig.  428. 

Frustule  sigmoid.  Girdle  view  linear  gradually  tapering  to  the  truncated  ends. 
Valve  view  linear  somewhat  lanceolate,  acute.  Striations  7-9  in  10  microns.  Length 
of  valve  170-210  microns.  Marine  and  brackish  water.  Common  but  never  in  great 
numbers. 

Genus  21.  Surirella  Turpin 

Frustules  single,  oval  or  linear.  Valves  with  a  longitudinal  central  pseudoraphe 
and  margins  produced  into  wing-like  expansion  containing  the  raphe  on  each  side. 
Costae  long  or  short,  extending  not  quite  to  the  center.  Pseudoraphes  of  the  two 
valves  parallel. 


FIG.  42,  Surkelh  gemma,  Girdle  view. 


FIG.  43,  Surirella  gemma.  Valve  view. 
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Surirella  fastuosa  var.  recndens  (A.  Schmidt)  Cleve 
1943.  Cupp.  p.  208. 

Frustules  wedge-shaped,  rounded  at  the  angles.  Valves  ovate.  Costae  or  ribs 
about  2.5  in  10  microns.  Central  space  lanceolate.  Two  or  three  pair  of  costate  un¬ 
attached  at  shortened  lower  end  of  central  space.  Marginal  striae  distinct.  Length  of 
valves  54-80  microns.  Rare  in  plankton.  Bottom  form. 

Surirella  gemma  Ehrenberg  (Figs.  42,  43) 

1896.  Van  Heurck.  pi.  13,  fig.  582. 

Valve  more  or  less  longly  oval.  Costae  indistinct,  about  2  to  3  in  10  microns, 
reaching  to  median  narrow  line.  Striae  fine,  transverse  20  to  21  in  ten  microns, 
resolvable  into  beads.  Girdle  face  strongly  cuneate,  length  75  to  125  microns. 

Genus  22.  Epithemia  Kutzing 

Valves  arcuate,  furnished  internally  with  robust  costae,  and  externally  with 
moniliform  striae,  without  nodules.  Girdle  face  linear,  more  or  less  inflated  in  the 
central  portion.  Frustules  parasitic  on  other  plants. 

Epithemia  gihha  Kutzing 

1853.  W.  Smith,  pi.  1,  fig.  13. 

Valve  linear,  with  pseudo-raphe  bordered  on  each  margin  with  a  row  of  costae. 


FIG.  44.  (a)  Chaetoceros  af finis,  (b)  Thalassinthrix  mediterranean  (c)  Ditylum 

bright  u>  ellii. 
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Frustule  always  placed  on  its  girdle  face,  a  central  nodule  distinctly  visible.  Ventral 
margin  straight  but  arcuate  at  the  apex.  Striae  about  6-7  in  10  microns,  parallel, 
except  at  the  spines  of  the  valve  where  they  are  radiant.  Length  80  to  250  microns. 
Bottom  form  occasionally  in  the  plankton. 

Ep  it  hernia  musculus  Kutzing 
1853.  W.  Smith,  pi.  1,  fig.  10. 

Valve  very  short,  almost  semi-circular,  with  dorsal  margin  very  arcuate.  Ventral 
margin  with  very  slight,  or  no  curvature.  Apices  acute,  gently  rostrate.  Costae  very 
radiant,  variable  in  number,  approximate.  Girdle  face  broadly  oval,  almost  round. 
Length  40  to  50  microns.  Bottom  form  occasionally  in  the  plankton. 

Genus  23.  Grammatophora  Ehrenberg 

Cells  rectangular,  adhering  by  their  opposite  and  alternate  angles,  or  more  rare¬ 
ly,  by  their  adjacent  angles,  into  zigzag  or  star-like  chains.  Septa  opposite,  curved. 
Valve  usually  linear.  Chromatophores  one  to  several,  large,  more  or  less  lobed  plates. 

Grammatophora  angulosa  Ehrenberg 

1943.  Cupp.  p.  174. 

Cells  with  irregularly  wavy,  bent  septa,  on  the  inner  end  hook-shaped,  bent 
toward  the  center.  Valves  linear-elliptical  with  slightly  convex  sides  and  blunt- 
rounded  ends.  Length  of  apical  axis  14-35  microns;  of  transapical  axis  4-6  microns. 
Transapical  striae  18-20  in  10  microns,  distinctly  punctated,  punctae  in  regular 
longitudinal  rows  parallel  to  the  middle  line.  Littoral  but  occasionally  found  in  the 
plankton. 


FIG.  45.  Thalassiothrix  longissima. 
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FIG.  46.  Thalassiothrix  frauenfeldii.  In  dark  field. 


Grammatophora  marina  (Lynbye)  Kutzing 

1943.  Cupp.  p.  175. 

Cells  rectangular,  cut  off  at  the  corners,  cohering  by  mucous  cushions  in  zigzag 
microns  of  transapical  axis  5-10  microns.  Punctae  similar  to  Grammatophora  angulosa 
but  in  quincunx.  In  other  features  similar  to  Grammatophora  angulosa. 

Genus  24.  Striatclla  Agardh 

Cells  rectangular,  sut  off  at  the  corners,  cohering  by  mucous  cushions  in  zigzag 
chains,  the  bottom  cell  on  a  fixed  stalk.  Many  intercalary  bands,  septa  alternate.  Valves 
lanceolate  with  pseudoraphe  oblique  or  nearly  straight. 
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Striatella  unipunctata  Agardh 

1943.  Cupp.  p.  172. 

Cells  tabular  in  girdle  view.  6-10  intercalary  bands  in  10  microns,  with  short 
septa,  3-5  in  10  microns.  Length  of  apical  axis  50-119  microns;  of  transapical  axis 
6-10  microns.  Punctae  in  three  self-crossing  line  system.  Chromatophores  granular  to 
oblong,  arranged  radially  about  the  nucleus.  Bot.om  form  rare  in  plankton. 

Genus  25.  Licmophora  Agardh 

Frustules  with  wedge-shaped  girdle-band  side  and  with  wedge  or  club-shaped 
valve.  Valves  at  one  (the  lower)  end  narrow  and  pointed,  at  the  other  end  broader, 
usually  rounded,  with  a  middle  pseudoraphe.  Girdle  zone  with  intercalary  bands, 
one  of  which  in  each  valve  pierces  the  cavity  like  a  septum  above,  open  below. 

Licmophora  abbreviata  Agardh 

1943.  Cupp.  p.  177. 

Frustules  with  deep  penetrating  septa,  and  more  or  less  strongly  waved  inter¬ 
calary  bands.  Valves  narrow  club  shaped,  with  distinct  pseudoraphe  and  fine  striae 
perpendicular  to  it.  Apical  axis  40-80  microns  long;  transapical  axis  4-8  microns. 
Litoral,  but  often  found  in  the  plankton. 

Genus  26.  Plagio gramma  Greviile 

Cells  in  girdle  view  rectangular-tabular,  without  intercalary  bands  and  septa. 
Valves  linear-lanceolate  with  ribs,  two  pair  usually.  Cell  wall  areolated,  chambered. 
Punctae  and  areolae  usually  in  regular  longitudinal  rows.  Polar  field  hyaline.  Cells 
in  close  chains. 

Plagio  gramma  vanheurckii  Grunow 

1943.  Cupp.  p.  179. 

Cells  in  girdle  view  with  general  rectangular  outline  but  strongly  constricted 
below  the  poles  with  lanceolate  middle  part  and  knoblike  corners.  Length  of  apical 
axis  about  25  microns;  of  transapical  axis  4-5  microns.  Valve  center  with  one  deeply 
penetrating  rib  {pseudoseptum) .  Littoral.  Rare  in  plankton. 

Genus  27.  Campylosira  Grunow 

Cells  forming  bands,  connected  by  delicate  plates  with  numerous  ribs  (crown 
of  spines).  Cell  body  curved,  one  valve  convex,  the  other  concave.  Valve  surfaces 
areolated-punctated.  Central  field  absent. 

Campylosira  cymbeiliformis  (A.  Schmidt)  Grunow 
1943.  Cupp.  p.  180. 

Cells  in  outline  curved-rectangular  with  knoblike  corners,  below  the  ends  more 
or  less  constricted,  with  a  strongly  developed  crown  of  spines.  Length  of  valves  25-40 
microns;  width  4-5  microns  occasional. 

Genus  28.  Phalassiothrix  Cleve  and  Grunow 

Cells  rod-shaped,  straight  or  slightly  bent,  single  or  united  into  star-like  or 
zigzag  colonies,  united  to  one  another  by  a  gelatinous  cushion  on  the  end  of  the 
cell.  Frustules  linear  in  girdle  view.  Valve  borders  often  beset  with  spines.  Valve 
surfaces  with  short  marginal  striae  or  structureless.  Chromatophores  more  or  less 
numerous  small  granules. 

Phalassiothrix  frauenfeldii  (Grun.)  Cleve  and  Grun.  (Fig.  46) 

1930.  Lebour.  p.  200. 

Both  poles  of  valves  distinct,  but  only  slightly  dissimilar.  Colonies  star-shaped, 
or  in  zigzag  arrangement.  Valves  rather  long  90-200  microns,  and  2-4  microns  wide. 
Valves  structureless  except  for  small  regular  spinulae,  6-9  in  10  microns.  Oceanic 
Common. 

Phallus siothrix  longissima  (Brebisson)  Ralfs  (Fig.  45) 

1943.  Cupp.  p.  184. 

Cells  very  long,  more  or  less  curved,  thread-like,  usually  single.  Valves  very 
narrow  linear,  ends  slightly  narrowed,  more  so  on  one  end.  Length  1  mm.  and  over 
( reported  up  to  4  mm. ) .  Corners  of  valves  with  delicate  spines.  Membrane  with 
short  marginal  ribs  14-15  in  10  microns.  Oceanic.  A  few  specimens  found  in  July, 
1950. 
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Thalassiothrix  mediterranea  vat.  pacifica  Cupp  (Figs.  2,  44) 


1943.  Cupp.  p.  185. 

Fmstules  delicate,  very  slender.  United  into  star-like  colonies  by  the  valve 
surfaces  of  the  wedge-shaped  end.  Valves  very  narrow  linear,  500-1100  microns  long. 
Basal  pole  slightly  wedge-shaped  5-7  microns  at  widest  place.  Frustule  then  about 
3-4  microns  up  to  one-third  the  length  from  the  base  where  a  slight  thickening 
occurs,  then  again  narrower  until  near  head  end  which  is  thickest  and  cuts  off  abrupt¬ 
ly.  Marginal  spines  lacking,  but  spine-like  projections  at  corners  of  lead  end.  Valve 
surface  and  valve  mantle  delicately  striated,  about  20  striae  in  10  microns.  Oceanic. 
Common  in  this  area,  sometimes  abundant. 

Genus  29.  Asterionella  Hassal 

Cells  rod-like  with  distinctly  dissimilar  ends,  united  into  starlike  or  spiral  col¬ 
onies  in  which  the  cells  hang  together  only  by  the  thicker  ends.  Valve  with  a  median 
pseudoraphe. 

Asterionella  japonica  Hassal  (Fig.  2) 

1930.  Lebour,  p.  196. 

Colonies  star-shaped  in  dose  spirals.  Inner  part  of  cell  in  girdle  view  three- 
cornered  with  one  or  two  chromatophores,  outer  part  hairlike  without  chromato- 
phores.  Length  of  valve  30-150  microns;  length  of  enlarged  region  10-23  microns; 
width  of  enlarged  part  8-12  microns.  Neritic.  Common. 

Genus  30.  Thalassionema  Grunow 

Frustules  united  into  star-like  zigzag  chains,  straight  or  slightly  curved.  In 
girdle  view  elongated  rectangular,  in  valve  view  linear  or  very  narrow  lancet-shaped. 
Marginal  spines  small. 

Thalassionema  nitzsmhioides  Grunow  (Fig.  47) 

1943.  Cupp.  p.  183. 

Valves  narrow  linear  with  parallel  sides  and  blunt- rounded  ends.  Length  35-63 
microns;  width  2-3.5  microns.  Marginal  spines  small,  10-12  in  10  microns.  Often 
both  star-shaped  and  zigzag  arrangement  in  same  colony.  Neritic.  Common. 


FIG.  47.  Thalassionema  nitzschioides. 
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FIG.  48.  Synedra  superba. 


FIG.  49.  Gyrosigma  balticum. 
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Genus  31.  Synedra  Ehrenberg 

Valves  much  elongated,  more  or  less  laceolate  or  linear,  sometimes  somewhat 
bent  or  indulate.  With  a  median  hyaline  line  or  blank  space,  sometimes  obscure. 
Often  with  a  central  pseudonodule  and  often  with  terminal  nodules  very  small  and 
obscure.  Striae  transversal,  never  with  transverse  costae.  Frustule  sessile  on  other 
plants.  Chromatophores  numerous  small  granules  or  two  larger  plates. 

Synedra  superba  Kutzing  (Fig.  48) 

1853.  W.  Smith,  pi.  12,  fig.  102. 

Valves  linear,  slightly  attenuated  from  the  center  towards  the  rounded  extremi¬ 
ties;  striae  very  distinct,  11  in  10  microns.  Length  of  frustule  425  microns  of  only 
specimen  observed. 

Genus  32.  Gyro  sigma  Hassall 

Frustules  with  central  and  end  nodules  elongated,  with  valves  linear  or  lanceo¬ 
late.  Usually  sigmoid.  Raphe  more  or  less  sigmoid.  Axial  area  very  narrow.  Central 
area  small.  Striae  punctate,  rectangular.  Chromatophores  two,  in  long  and  narrow 
bands,  one  on  each  valve,  the  margins  serrated. 

Gyrosigma  balticum  W.  Smith  (Fig.  49) 

1856.  W.  Smith,  pi.  22,  fig.  207. 

Valve  attenuate-linear,  with  apices  obtuse-sigmoid.  Raphe  more  or  less  sigmoid. 
Longitudinal  and  transverse  striae  equally  distant  about  15  in  10  microns.  Length, 
very  variable,  184-350  microns.  Littoral,  sometimes  fairly  abundant. 

Genus  33.  Fleur o sigma  W.  Smith 

Similar  to  Gyrosigma,  differing  principally  in  having  striae  that  are  decussating 
(crossing  each  other  obliquely). 

Plemosigma  angulatum  W.  Smith 
1853.  W.  Smith,  pi.  21,  fig.  205. 

Valve  broadly  lanceolate,  gently  flexed,  sigmoid,  with  median  part  slightly 
angular.  Raphe  feebly  sigmoid.  Striae  with  same  direction  throughout  surface  of  the 
valve,  18  to  20  in  10  microns,  the  transverse  striae  slightly  more  approximate  than 
the  others.  Length  about  108-200  microns.  Common. 

Genus  34.  Amphiprora  (Ehrenberg)  Cleve 

Frustules  single  or  in  ribbon-like  chains.  Valves  with  a  raphe,  central  nodule 
and  keel  which  is  twisted  into  an  S,  so  that  one-half  lies  on  each  side  of  the  chain 
axis.  Chromatophores  one. 

Amphiprora  gigantea  var.  sulcata  (O’Meara)  Cleve 
1943.  Cupp.  p.  199. 

Frustules  strongly  constricted.  Keel  with  a  hyaline  margin  broader  towards  the 
ends.  Junction  line  curved  like  bow.  Keel  with  punctae  forming  obliquely  dec’ussa- 
tating  rows.  Median  line  strongly  sigmoid.  Connecting  zone  with  numerous  longi¬ 
tudinal  divisions.  Length  of  valves  95-120  microns.  Littoral.  Rare. 

Genus  35.  Amphora 

Frustules  single,  oval,  oblong,  elliptic-oval,  or  sub-quadrangular,  often  inflated 
or  constricted  in  the  girdle  view.  Valves  cymbiform,  with  central  nodule  marginal 
or  sub-marginal,  frequently  dilated  into  a  stauros,  raphe  often  inflated.  Connecting 
zone  striate,  plicate,  or  punctate. 

Species:  Unidentified 
DISCUSSION  OF  RESULTS  OBTAINED 

A  survey  of  Tables  2,  3,  4 ,  5,  6,  and  7  reveal  several  interesting  features 
of  our  marine  diatom  population  in  the  Rockport  area.  However,  the  expla¬ 
nation  for  any  indicative  feature  derived  from  these  figures  may  not  be  ap¬ 
parent.  Table  2  shows  the  dominant  species  at  the  various  stations  during 
the  year.  Tables  3  through  7  merely  show  the  presence  of  the  fifty  more 
common  species.  It  was  possible  to  take  but  one  sample  per  month  at  each 
of  the  five  stations,  and  no  quanitative  count  was  made  on  species  popula¬ 
tion.  It  is,  therefore,  rather  difficult  to  get  a  true  picture  of  what  happened 
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in  the  diatom  population  at  the  various  stations.  However,  several  interesting 
facts  show  up  in  the  tables.  With  the  limited  data,  however,  a  satisfactory 
explanation  cannot  always  be  given. 

In  the  first  place,  pelagic  species  generally  are  more  numerous  in  the 
channels  and  in  the  bayous  than  farther  back  in  the  bays.  Probably  the  major 
factor  accounting  for  this  is  that  here  there  is  made  possible  a  free  mixing 
of  populations  of  oceanic  and  neritic  gulf  species  with  the  neritic  and  tycho- 
pelagic  species  of  the  shallower  bay  waters.  The  channels  and  bayous  are 
passageways  for  currents  directly  connecting  the  gulf  and  bay  habitats.  Of 
course  the  tychopelagic  forms  were  found  more  numerous  at  Stations  No. 
1  and  2,  but  occasionally  these  bottom  forms  were  seen  in  samples  from  the 
other  stations  as  well.  Thus,  in  the  year’s  total  list  at  Station  No.  3  or  5, 
and  to  a  lesser  degree  at  Station  No.  4,  most  of  the  seventy-odd  species  iden¬ 
tified  for  the  Rockport  area  were  represented. 

However,  it  is  also  true  that  the  oceanic  species  T halassiothrix  frauen- 
feldii,  Asteromphalus  concinnus,  and  Rbizosolenia  alata  were  found  at  Sta¬ 
tions  No.  1  and  2.  Probably  they  had  been  carried  in  from  the  Gulf  by  wave 
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and  tide  action.  A  check  on  samples  from  stations  nearer  the  Gulf  usually 
reveals  a  heavy  population  of  those  same  species  just  a  month  or  so  prior  to 
the  date  in  question. 

Another  fact  indicated  is  that  the  winter  months  in  this  area  are  very 
favorable  for  diatom  growth.  This  year  the  blooming  period  began  in  January 
and  remained  heavy  through  February  and  March.  This  was  generally  true 
at  all  stations  both  in  quantity  as  well  as  in  number  of  species.  Then  after 
a  lull  in  April  and  May  there  was  more  activity  through  June  and  July,  after 
which  time  the  catches  decreased  until  the  winter  blooming  period.  In  fact 
several  catches  at  Stations  No.  1  and  2  revealed  no  pelagic  diatoms  at  all, 
and  several  at  the  other  stations  showed  but  a  few  species.  For  example,  note 
the  scarcity  of  diatoms  in  the  catches  of  October  and  November  at  all  five 
stations,  as  contrasted  with  the  great  abundance  in  February  and  again  in 
July.  Planktonologists  are  fairly  well  agreed  as  to  why  these  active  and 
more  or  less  inactive  periods  occur.  Phifer  (  1933  )  well  expresses  the  explana¬ 
tion  by  writing: 

In  every  region  from  year  to  year,  there  are  qualitative  and  quantitative 
variations,  as  well  as  fluctuations  of  minor  import,  in  the  regularity  of  ap¬ 
pearance  and  disappearance  of  the  phytoplankton,  the  so-called  "blooming” 
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of  the  sea.  These  are  dependent  upon  a  number  of  factors  of  which  nutritive 
salts  and  sunlight  are  primary,  and  such  secondary  ones  as  temperature, 
chlorinity,  latitude,  and  currents.  Of  the  myriad  chemical,  physical,  and  or¬ 
ganic  factors  governing  the  life  in  the  sea,  the  productivity  of  the  plankton 
is  but  one  resultant  of  the  complex  inter-reaction  of  these  forces. 

Another  noticeable  fact  of  the  diatom  population  is  the  tendency  of 
the  neritic  species  to  appear  in  the  shallower  waters  of  the  bay  earlier  in  the 
winter  season  than  in  the  deeper  water  of  the  channels.  As  an  example,  note 
the  appearance  of  Coscinocdiscus  species  at  Stations  No.  1  and  2  in  January 
where  as  in  the  channel  water  (Stations  No.  3,  4,  and  5)  they  did  not  appear, 
or  if  so  in  smaller  quantities,  until  a  month  later.  Temperature  undoubtedly 
is  a  factor  here.  The  temperature  chart  (Table  1)  shows  an  earlier  warming 
of  the  shallower  waters  of  Copano  Bay  and  the  Old  Ship  Yard.  Undoubtedly 
other  conditions  were  also  conducive  to  this  early  diatom  growth  and  repro¬ 
duction,  one  of  which  might  be  the  replenishment  of  phosphates  and  nitrates 
from  fresh  water  streams  which  were  made  more  active  by  recent  rains. 

The  phenomenon  of  diatom  blooming  was  observed  twice  during  the 
year,  one  of  the  Coscinodiscus  species  in  February  and  the  other  of  Rloizoso- 
lenia  species  in  July.  At  both  times  the  diatoms  were  so  numerous  as  to  make 
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the  water  soupy  in  appearance.  Undoubtedly  there  were  similar  bloomings 
which  were  missed  in  the  long  intervals  between  catches.  As  compared  with 
reports  from  workers  in  more  northern  areas,  (Phifer,  1933  ;  Johnson,  1932), 
January  is  somewhat  early  for  diatom  blooming;  but  since  spring  conditions 
begin  comparatively  early  her  ,  this  sudden  increase  in  activity  is  to  be  ex¬ 
pected  at  an  earlier  date  than  in  areas  of  more  northerly  latitudes.  Cupp 
(1937)  does  note  that  in  southern  California  waters  the  greatest  maximum 
occurs  in  the  first  third  of  the  year. 

Coscinodiscus  asteromphalus  has  been  the  most  common  diatom  in  the 
collections  (Table  3-7),  as  well  the  most  abundant  (Table  2).  At  the  five 
stations  this  species  occurred  in  forty-two  out  of  the  sixty  catches  made. 
Coscinodiscus  concinnus  was  second  being  present  in  twenty- three  samples. 
In  order,  the  next  three  were  Biddulphia  mobiliensis,  T halassiothrix  frauen- 
feldii,  and  Skeletonema  costatum.  Bigelow  (1926)  found  in  March  that  in 
open  waters  of  the  Gulf  of  Maine,  C.  asteromphalus  was  dominant.  I  found 
no  other  reference  in  the  literature  concerning  the  ecology  of  this  form 
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which  is  so  common  in  our  bay  area.  Cupp  (1943)  did  not  find  it  along 
the  California  coast  although  many  forms  in  my  list  and  in  her  list  are 
identical. 

The  findi  ngs  at  Rockport  agree  in  several  features  with  those  found 
in  the  coastal  waters  of  California.  Roth  regions  have  tropical,  temperate, 
and  arctic  species.  However,  the  arctic  species,  as  one  might  expect,  apparent¬ 
ly  are  never  in  abundance  in  the  bays  of  the  Gulf  of  Mexico.  Northern 
species  as  Skeletonema  costatum  are  rather  abundant  at  times  but  never 
during  the  summer  months.  From  November  to  February  this  particular 
species  was  dominant  at  several  of  the  stations  (Table  2).  Other  northern 
speices  as  Nitzschia  seriata,  T  halassiosira  decipiens,  and  Asterionella  japonic  a 
were  common  but  never  abundant  in  the  winter  samples.  No  one  has  been 
able  to  explain  satisfactorily  why  these  northern  species  are  found  so-  far 
south,  but  it  is  suggested  that  it  is  a  factor  of  nutrition.  It  was  stated  above 
that  the  Rockport  bay  area  was  provided  with  considerable  nutrient  run-off 
from  rather  heavy  winter  rains.  Although  cold-water  species  sometimes 
associate  with  warm-water  species,  very  seldom  if  ever  does  a  warm-water 
species  live  under  arctic  conditions  (Patrick,  1948). 
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Patrick  (1948)  in  her  excellent  review  of  the  literature  on  diatom 
ecology  notes  that  Allen  in  his  study  of  marine  diatoms  off  the  coast  of 
southern  California  found  that  the  setose  genera,  Chaetoceros ,  for  example, 
were  dominant  in  the  spring,  and  in  the  summer  the  filiform  genera,  e.  g., 
Rhizosolenia,  T halassionema  and  T balassiothrix  were  common.  My  findings 
more  or  less  agree  with  those  of  Allen. 

Much  more  research  is  necessary  before  the  real  ambition  of  this  pre¬ 
liminary  study  can  be  attained.  A  longer  period  of  time  with  shorter  intervals 
between  sampling  would  give  more  significant  results,  but  in  this  first  at¬ 
tempt  that  was  impossible.  In  future  research,  I  hope  to  get  samples  from 
stations  out  in  the  Gulf  proper  and  at  various  locations  along  the  entire  Gulf 
coast.  The  data  thus  obtained  will  greatly  supplement  and  make  more  worth¬ 
while  the  information  already  gained  by  this  preliminary  study  of  the  plank¬ 
ton  diatoms  of  the  Rockport,  Texas,  bay  area. 

summary 

1.  little  has  been  published  relative  to  diatoms  in  the  Gulf  of  Mexico. 

2.  The  purpose  of  this  investigation  was  to  identify  common  species  in 
surface  plankton  of  the  Rockport,  Texas  bay  area,  and  to  acquire  whatever 
pertinent  ecological  knowledge  might  be  available. 

3.  Plankton  samples  and  a  record  of  physical  data  were  taken  monthly 
at  five  representative  stations  from  August,  1949  through  July,  1950. 

4.  Preliminary  studies  were  made  of  plankton  diatoms,  both  living  and 
preserved  in  formalin  or  alcohol.  A  more  detailed  study  was  made  later  of 
specimens  mounted  in  pleurax. 

5.  The  total  list  identified  included  forty-one  genera  with  seventy-eight 
species. 

6.  The  more  common  species  occurring  throughout  the  year  were  Cos - 
cinodiscus  as  ter  omphalus,  Coscinodiscus  concinnus,  Hemidiscus  hardmaniana, 
Skeletonema  costatum,  Ditylum  brightwellii,  Biddulphia  mobiliensis,  Chaeto¬ 
ceros  af finis,  and  Rhizosolenia  setigera . 

7.  An  artificial  key  for  the  families  and  genera,  and  a  taxonomic  treat¬ 
ment  of  the  species,  are  presented. 

8.  Thirty  photographs  and  twenty  drawings  are  included  to  illustrate 
the  species  identified. 

9.  Comparisons  were  made  with  plankton  work  done  elsewhere.  My 
results  on  the  whole  agree  with  the  work  done  along  the  Southern  California 
coast,  both  in  species  present  and  ecological  tendencies. 

10.  To  realize  the  ultimate  in  the  purpose  of  this  research,  it  will  be 
necessary  to  extend  the  work  over  a  longer  period  of  time,  to  take  samples 
and  records  more  often,  and  to  compare  such  information  with  studies  in 
other  representative  areas  of  the  Gulf  of  Mexico. 
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NOTES 

The  British  Commonwealth  of  Nations  Scientific  Liaison  Offices  in 
London  have  started  a  Commonwealth  index  of  scientific  translations.  Each 
of  the  Commonwealth  countries  has  or  will  have  an  agency  which  is  to 
maintain  a  central  index  of  translations  into  English  of  published  scientific 
papers,  reports  and  journal  articles  which  have  been  made  by  various  organ¬ 
izations  within  the  Commonwealth.  Each  agency  colects  details  of  trans¬ 
lations  made  by  the  organizations  in  its  own  country  that  are  co-operating 
in  the  scheme;  the  information  is  then  passed  on  to  the  British  Common¬ 
wealth  of  Nations  Scientific  Liaison  Offices,  London,  where  index  cards  are 
prepared  and  sent  out  to  the  agencies  within  the  Commonwealth. 


The  Old  Company’s  Garden  at  the  Cape  and  its  Superintendents.  Involving  an  Historical 

Account  of  Early  Cape  Botany.  Karsten,  Mia  C.  Foreword  by  R.  H.  Compton.  8%x5%. 

188  pp.  Illustrated.  Cape  Town.  Maskew  Miller. 

The  story  of  the  garden  founded  and  developed  at  the  Cape  by  Jan 
van  Riebeeck,  originally  to  provide  the  early  European  settlers  with  fresh 
fruit  and  vegetables,  and  which  later  changed  its  character  with  the  intro¬ 
duction  of  ornamental  plants  and  indigenous  flora,  to  become  eventually 
the  Cape  Town  botanical  garden.  The  author,  a  Dutch  writer,  describes  the 
two  phases  in  the  two  parts  of  her  book,  and  gives  an  account  of  the  men 
who  have  been  responsible  for  the  garden.  Illustrations  include  portraits  and 
botanical  specimens. 
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THE  BALCONES  FAULT  ZONE— 

AN  INFLUENCE  ON  HUMAN  ECONOMY 


H.  P.  BYBEE 
The  University  of  Texas 


The  relationship  between  the  bedrock  geology  of  an  area  and  the  man¬ 
ner  in  which  the  inhabitants  of  that  area  make  a  living  is  at  times  quite  in¬ 
teresting. 

The  Balcones  Fault  Zone  is  a  surface  feature  extending  from  Uvalde 
County  on  the  west  to  at  least  as  far  northeast  as  Williamson  County.  Its 
displacement  may  exceed  1000  feet  at  some  places.  The  entire  displacement 
may  occur  in  one  fault,  as  occurs  just  south  of  Watters  Park  7  miles  north 
of  Austin,  or  in  a  series  of  faults. 

Tabulations  involving  population,  income  and  tax  values,  were  pre¬ 
pared  for  the  row  of  counties  north  of  the  fault  zone,  for  those  cut  by  the 
fault  zone,  and  for  the  counties  south  of  the  fault  zone,  and  are  listed  as 
follows: 


Population 

North  Row  Counties  ___  7.97 

Fault  Zone  Counties  _  84.0  5 

South  Row  Counties  ____  17.5 


Income  per  acre 
$  13.35 
180.50 
21.47 


Tax  value  per  acre 
$  10.13 
72.27 
22.36 


GEOLOGICAL  SETTING 

A  geological  section  of  the  rocks  along  the  Balcones  Fault  Zone  is  in¬ 
cluded  on  the  map  accompanying  this  paper.  The  kinds  of  rock  involved 
include  limestone,  indicated  as  brick  work  (Austin  chalk)  ;  shales  and  clays 
indicated  by  short  horizontal  dashed  lines  (Taylor  marl) ;  and  sand  or  sand¬ 
stone  indicated  by  dots  (Travis  Peak  formation).  The  Travis  Peak  consists 
of  sandstone  at  the  top,  limestone  in  the  middle,  and  sand  and  shale  in  the 
lower  portions.  Formations  above  the  Georgetown  are  as  a  whole  rather 
susceptible  to  rapid  erosion,  especially  the  Taylor  and  Navarro,  consisting 
of  marl,  clay,  and  shale. 

The  uplift  (Laramide)  which  culminated  in  the  first  generation  of 
Rocky  Mountains,  was  in  part  responsible  for  the  withdrawal  of  the  Navarro 
sea  from  the  vicinity  of  Austin,  exposing  these  soft  beds  to  erosion.  The 
period  of  initial  uplift  of  the  Rocky  Mountains  was  followed  by  periods 
of  erosion  and  uplifts  which  were  reflected  to  the  southeast  as  far  as  Central 
Texas.  This  uplift,  centering  in  the  Rocky  Mountain  region  and  extending 
to  the  Central  Texas  area,  resulted  in  a  general  tendency  for  all  bedrock 
to  be  elevated.  During  this  time  the  general  area  to  the  south  and  southeast 
of  Austin  was  receiving  a  heavy  load  of  sediments,  which  may  have  caused 
the  beds  to  be  depressed  under  the  load  and  may  have  been  responsible  for 
the  initiation  of  the  Balcones  Fault.  At  any  rate  the  fault  developed  some¬ 
time  after  Eocene  times  as  these  beds  are  cut  by  the  fault.  (See  Geology 
of  Texas,  Vol.  1,  Texas  Univ.  Bull.  3232,  pp.  137). 

Also,  if  the  reader  will  consult  the  map  it  may  be  noted  that  the  ge¬ 
ologic  column  in  the  upper  left  corner  of  the  map  shows  the  lower  portion 
of  the  geologic  column,  including  the  Glen  Rose  and  Travis  Peak  formations, 
to  be  about  on  a  level  with  a  top  of  the  Austin  (chalk)  in  the  geologic 
column  in  the  upper  center  of  the  map.  In  other  words,  these  two  sections 
are  in  their  proper  relation  with  respect  to  sea  level.  This  was  brought  about 
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by  the  faulting  and  roughly  shows  a  differential  movement  of  900  to  1000 
feet.  Possibly  the  north  side  stood  still,  and  the  south  side  sank,  but  at  any 
rate  the  differential  is  as  indicated  above.  The  entrenched  meanders  of 
the  Colorado  River  to  the  northwest  of  the  fault  zone  indicated  pronounced 
uplift  on  the  north  side.  This  differential  movement  resulted  in  two  critical 
events,  the  most  noticeable  of  which  was  the  increased  impetus  given  to 
erosion  to  the  north  of  the  fault  zone,  resulting  in  the  removal  of  the  soft 
limestones,  marls,  and  shales  of  upper  Cretaceous  age,  and  in  some  instances 
even  down  to  the  upper  portions  of  the  Glen  Rose.  The  widespread  lime¬ 
stone  area  exposed  by  this  erosion  is  known  today  as  the  Edwards  Plateau 
(Hill) ,  and  extends  as  far  west  as  the  Pecos  River. 

The  downthrown  side  of  the  fault  was  somewhat  protected  from 
erosion  and  consequently  there  is  a  wide  area  where  these  soft  limestones 
and  shales  of  the  upper  Cretaceous  beds  are  exposed  at  the  surface.  These 
soft  calcareous  beds  aid  in  the  formation  of  excellent  productive  soils,  mak¬ 
ing  fine  farm  lands.  These  productive  soils  furnish  a  livelihood  for  more 
than  twice  as  many  families  per  unit  area  as  the  limestone  area  on  the  north 
side  of  the  fault  zone. 

The  development  of  a  series  of  springs  along  the  fault  zone  from  Del 
Rio  to  Belton  had  considerable  influence  in  determining  population  centers. 

SOME  OF  THE  LARGER  SPRINGS  ALONG  THE  BALCONES  FAULT  ZONE 


Location 

Del  Rio  (San  Felipe 
Brackett  (Las  Moras) 

San  Antonio  Spring 
New  Braunfels  ( Comal ) 

San  Marcos  (San  Marcos) 

Austin  (Barton) 

U.S.G.S.  Water-Supply  Paper  No.  557,  pp  31. 
Uvalde  (Leon  River) 

Georgetown 

Belton 


Volume  in  Cu.  Ft.  per  Second 
115.0 
34.0 
105-0 
350.0 
135.0 
40.0 

6.90 


The  two  important  results  of  the  faulting  as  influences  on  human  econ¬ 
omy  are  the  removal  of  the  Cretaceous  formations  down  to  and  including 
part  of,  or  all  of,  the  Edwards  limestone  north  of  the  fault  zone  with  the 
preservation  of  the  upper  Cretaceous  bed  on  the  south  side,  and,  the  forma¬ 
tion  of  an  impressive  series  of  springs  in  the  fault  zone. 

NORTH  ROW  OF  COUNTIES 


Limestones  of  the  Edwards,  Commanche  Peak,  and  Glen  Rose,  are  ex¬ 
posed  at  the  surface  over  most  of  this  area.  The  soils  and  topography  are 
suited  largely  to  grazing  with  a  minimum  of  farms  located  in  some  of  the 
valleys.  The  area  supports  a  ranching  economy  producing  sheep,  goats,  and 
cattle.  The  population  average  per  square  mile  is  only  7.97  with  an  income 
of  $13.35  per  acre,  and  an  average  tax  value  per  acre  of  $10.13. 

MIDDLE  ROW  OF  COUNTIES  ( FAULT  ZONE  COUNTIES ) 

The  middle  row  of  counties  (fault  zone  counties)  consists  of  both 
ranching  (north  of  the  fault  zone),  and  farming  (south  of  the  fault  zone), 
as  well  as  industrial  centers  on  the  fault  zone.  Time  and  readily  available 
data  does  not  permit  allocation  of  the  area  north  of  the  fault  zone  with  the 
north  row  of  counties  where  it  belongs  or  the  area  to  the  south  of  the  fault 
zone  with  the  south  row  of  counties. 
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In  this  discussion  of  the  fault  zone  counties  it  is  necessary  to  consider 
the  second  factor  mentioned  above,  namely  that  of  the  development  of  the 
large  springs.  Without  going  into  the  details  it  may  be  said  that  the  fault¬ 
ing  was  responsible  for  the  large  springs  near  the  junction  of  the  Edwards 
Plateau  and  the  Coastal  Plain.  These  springs  were  the  camping  ground  for 
Indians  long  before  the  white  man  appeared  and  acted  as  community  centers 
as  the  white  man  possessed  the  area,  resulting  in  the  impressive  string  of 
cities  and  towns  of  Belton,  Georgetown,  Austin,  San  M  rcos,  New  Braun¬ 
fels,  San  Antonio  Brackettville,  Del  Rio,  and  possibly  Uvalde.  Formed  by 
the  faulting  in  the  Balcones  zone,  these  springs  had  a  far  reaching  influence 
in  determining  the  location  of  cities  along  the  fault  zone.  In  the  early  days 
of  colonization  of  this  portion  of  Texas  these  springs  afforded  a  usable  sup¬ 
ply  of  fresh  water  not  readily  available  over  much  of  the  Coastal  Plain. 
While  they  were  sufficient  to  start  the  various  centers  of  population  on  a 
continuous  growth,  these  waters  were  very  little  used  as  a  municipal  supply. 
For  instance,  Barton  Springs  at  Austin  has  at  no  time  been  so  used. 

The  population  per  square  mile  is  84.0  5,  the  income  per  acre  $180.50, 
and  the  tax  value  per  acre  $72.27.  Thus  the  fault  zone  counties  are  situated 
in  part  as  ranching,  in  part  as  farming,  and  between  the  two  are  ideal  eco¬ 
nomic  locations  for  cities  and  industrial  activities. 

SOUTH  ROW  OF  COUNTIES 

This  string  of  counties  supports  a  farm  economy  having  14,680  farms 
compared  to  6,760  farms  on  the  northern  row  of  counties;  population  per 
square  mile  being  17.5,  income  per  acre  $21.17,  and  tax  value  per  acre 
$22.36. 
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MINOR  RELATIONSHIP 

Many  county  lines  are  parallel  with  the  main  trend  of  the  fault  zone. 
Both  the  main  highway  and  the  railroad  follow  the  general  direction  of  the 
fault  zone  on  the  downthrown  side. 

In  closing  it  might  be  pointed  out  again  that  the  human  economy  over 
an  area  150  miles  long  and  20  miles  wide  has  been  partly  determined  by  the 
Balcones  Fault  Zone.  Ranching  is  most  prominent  to  the  north  of  the  fault 
zone,  farming  to  the  south,  with  population  concentrated  in  cities  and  towns 
on  the  fault  zone. 

The  springs,  which  are  definitely  related  to  faulting,  had  considerable 
influence  in  the  location  of  most  of  the  cities  and  towns  in  the  area  involved. 


Vida  de  la  Ciudad  de  Vitoria.  Tomas  Alfaro  Fournier.  Madrid.  Editorial  Magisterio  Espanol. 

Vitoria  is  the  capital  of  one  of  the  three  Basque  provinces  of  Spain. 
Senor  Fournier  has  undertaken  in  this  massive  volume  of  688  pages  a  labour 
of  love  dedicated  to  his  borthplace.  To  arouse  interest  in  a  book  of  this 
kind  it  is  not  essential  that  it  should  deal  with  a  city  of  such  rich  historical 
associations  as,  say,  London  or  Paris,  for  the  story  of  the  smallest  and 
remotest  corner  of  our  planet  can  be  equally  absorbing  if  considered  as 
part  of  the  unity  embracing  the  destinies  of  mankind.  Working  on  a  vitalist 
interpretation  of  history,  Senor  Fournier  seeks  "to  trace  the  outline  of  history 
through  the  centuries,  to  expose  the  logical  relation  between  local  events 
and  to  consider  the  history  of  the  world  by  a  process  which  takes  as  its 
central  point  of  reference  the  city,  and  develops  outwards  so  as  to  include 
all  the  events  which  occur  outside  it.” 

Unfortunately,  Senor  Fournier’s  book  betrays  a  gross  lack  of  porpor- 
tion  in  its  presentation  of  events.  The  nineteenth  century  opens  on  page 
200  and  the  book  ends  with  the  beginning  of  the  present  century;  thus  the 
Romantic  period  alone  occupies  more  than  two-thirds  of  the  book.  The 
period  was  not  an  especially  important  one  either  from  the  point  of  view 
of  the  city  or  when  considered  within  the  wider  perspective  of  general  his¬ 
torical  evolution.  The  only  reason  for  this  disproportionate  treatment  would 
appear  to  be  that  the  author  had  at  his  disposal  extensive  material  relating 
to  this  period.  Space  is  found  for  complete  lists  of  local  councillors  who 
have  left  no  mark  whatever  on  history,  yet  no  suggestion  is  offered  to  explain 
why  Vitoria  lost  its  "c.”  (The  Spanish  word  "Victoria”  has  the  same  ety¬ 
mology  as  the  English  "victory.”) 

There  is,  however,  another  aspect.  This  is  the  imprecision  with  which 
the  author  treats  of  fundamental  questions.  Thus  in  one  passage  he  describes 
the  absolutist  regime  as  being  "arbitrary,  immoral  and  inefficient,”  while 
in  others  there  frequently  occur  such  phrases  as  "the  viciousness  of  the 
Liberals  and  Masons.”  In  one  instance  he  regrets  the  expulsion  of  the  Jews 
as  "having  deprived  Spain  of  a  social  group  both  intelligent  and  industrious,” 
and  in  the  next  describes  these  same  people  as  "sucking  fish  living  on  the 
blood  of  the  mammal  in  whose  skin  they  are  lodged.”  Such  statements  ex¬ 
press  mutually  exclusive  points  of  view.  The  reader  is  bewildered  by  a  host 
of  negative  judgments  from  which  there  emerges  only  one  clear  impression 
— the  author’s  regret  for  the  loss  of  certain  "charters”  by  which  the  city 
enjoyed  special  privileges. 
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NASAL  MITES  OF  THE  ENGLISH  SPARROW 

John  C.  Porter*  and  R.  W.  Strandtmann 
Texas  Technological  College,  Lubbock,  Texas 

INTRODUCTION 

The  Acarina,  or  mites,  are  almost  universally  distributed.  They  may 
be  found  among  marine  algae  in  most  of  the  oceans  of  the  world,  in  fresh 
water  ponds  and  pools,  in  caves,  in  almost  any  terrestrial  habitat  that  con¬ 
tains  sufficient  warmth,  organic  matter  and  moisture,  and  as  parasites  and 
commensals  on  other  invertebrates  and  on  vertebrates.  Most  are  free  living, 
feeding  on  plants  or  dead  organic  matter,  or  attacking  other  animals.  They 
range  in  size  from  about  0.2  of  a  mm.  to  approximately  6-7  mm.  long.  The 
largest  true  mite  is  the  beautiful,  velvety,  red  "Angelito”  or  "little  angel” 
of  the  semiarid  Southwest.  This  mite  often  appears  in  large  numbers  after 
drought-breaking  rains,  which  probably  accounts  for  its  name.  (The  ticks, 
which  are  true  Acarina,  differ  biologically  and  morphologically  from  the 
other  mites  and  are  generally  considered  separately;  they  are  all  parasites  of 
terrestrial  vertebrates.) 

Of  the  parasitic  forms  of  mites  some  of  the  most  interesting  may  be 
found  on  birds.  Birds,  because  of  their  constant  temperatures  and  body¬ 
covering  feathers  which  provide  a  veritable  jungle  for  small  arthropods  to 
hide  in,  are  ideal  hosts  for  external  parasites.  One  may  find  on  or  among  the 
feathers  of  birds  the  pupiparous  Hippoboscidae  or  "tick-flies,”  Mallophaga 
or  bird  lice,  fleas,  ticks,  and  many  kinds  of  mites  including  the  chigger 
mite  or  redbug  (Trombiculidae) ,  cutaneous  and  subcutaneous  mites  (Sar- 
coptidae)  feather  mites  ( Analgesidae) ,  intermittent-feeding  blood-sucking 
mites  (Deramanyssidae,  Macronynyssidae) ,  and  the  nasal  mites  (Rhinon- 
yssidae) . 

Nasal  mites  are  found  on  the  mucus-covered  turbinates  of  the  nasal 
cavities  and  occasionally  in  the  trachea.  Strictly  speaking,  they  are  internal 
parasites  but  their  affinities  are  with  the  external  mites  and  they  are  gen¬ 
erally  so  considered. 

Avian  nasal  mites  (snakes,  sealions,  and  monkeys  also  have  mites  in 
the  lungs  or  respiratory  passages)  belong  to  three  major  Acarina  groups, 
Sarcoptiformes,  Trombidiformes,  and  Parasitiformes.  The  Sarcoptiforme  nasal 
mites  (Epidermoptidae)  are  small,  sluggish  mites,  lacking  a  respiratory  sys¬ 
tem.  They  are  rerely  found  in  the  nasal  passages  of  birds  but  may  be  very 
numerous  when  present.  The  Trombidiform  nasal  mites  (Speleognathidae) 
are  slightly  larger,  whitish  in  color,  and  most  frequently  found  in  such 
ground  birds  as  quails  and  meadowlarks.  They  are  very  active  mites  whose 
legs  and  cuticle  repel  moisture  and  hence  they  are  capable  of  running  on 
the  moist  mucus  membranes  as  if  it  were  a  paved  highway.  They  have  a 
respiratory  system  which  opens  just  back  of  the  mouthparts.  The  Parasiti- 
form  nasal  mites  (Rhinonyssidae)  are  the  most  abundant  forms  in  birds 
and  apparently  all  species  of  birds  have  them.  They  have  a  tracheal  opening 
on  each  side  of  the  body  and  vary  from  a  half  to  over  one  millimeter  in 
length.  They  are  sluggish  mites  and  are  always  more  or  less  embedded  in 
the  mucus. 
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It  is  the  ambition  of  the  junior  author  to  record  the  nasal  mites  from 
as  many  species  of  birds  as  possible  and  eventually  to  show  their  relation¬ 
ships.  This  paper  reports  on  the  mites  found  in  the  common  English  sparrow. 

METHODS 

A  survey  of  the  nasal  mites  of  the  English  sparrow,  Passer  domesticus , 
was  made  at  Lubbock,  Texas  over  a  seven  months  period,  from  December 
1949  through  June  1950.  A  total  of  65  sparrows  were  examined,  including 
young  of  various  ages.  The  collected  mites  were  washed  in  physiological  salt 
solution  and  mounted  directly  in  a  modification  of  Berlese’s  chloral  hydrate- 
gum  acacia  medium.  Slides  were  dried  at  room  temperature,  at  37°C,  and  at 
5  5°  C  for  24-48  hours.  The  alst  gave  the  best  results. 

RESULTS 

Three  species  of  mites,  Ptilonyssus  nudus  Berlese  and  Trouessart,  18  89 
(Plates  III  and  IV),  Neonyssus  hirsti  Castro  and  Pereira,  1947  (Plates  I  and 
II),  and  Speleognathus  sturni  Boyd,  1948  (Plate  V),  were  found.  The  pre¬ 
dominating  species  was  Neonyssus  hirsti ,  followed  in  order  by  P.  nudus  and 
S.  sturni.  Of  the  total  number  of  birds  examined  41  (63%)  harbored  one  or 
more  nasal  mites.  Some  harbored  all  three  species.  The  greatest  number  of 
mites  found  in  a  single  bird  was  41.  Of  15  nestlings  in  6  nests,  ranging  in 
size  from  some  with  the  eyes  still  closed  to  others  with  pin  feathers,  6,  rep¬ 
resenting  all  ages,  were  found  to  be  infested.  Within  the  same  nest  some 
of  the  brood  would  be  infested  and  others  would  be  compeltely  free. 

Specimens  of  Neonyssus  hirsti  remained  alive  for  as  long  as  two  weeks 
in  physiological  salt  solution  with  the  temperatture  lowered  to  50  C;  and 
remained  alive  for  similar  periods  of  time  when  kept  on  a  moist  cloth  at 
room  temperature.  However,  they  desiccate  and  die  within  a  few  minutes 
when  placed  on  a  dry  surface  in  free  air. 

An  effort  was  made  to  rear  N.  hirsti  artificially.  For  this  purpose,  small 
glass  cells  were  made  and  a  bit  of  wet  absorbent  cloth  placed  in  each  to 
keep  the  humidity  high.  A  drop  of  defibrinated  blood  was  added  to  the  cell 
and  on  several  occasions  the  mites  were  seen  to  approach  the  blood  and  ap¬ 
parently  feed  on  it  but  we  were  unsuccessful  in  keeping  them  alive  longer 
than  two  weeks.  We  got  no  reproduction. 

DISCUSSION 

As  far  as  we  know,  this  is  the  first  survey  for  nasal  mites  of  the  English 
sparrow  that  has  been  made  in  this  country.  The  first  species  to  be  re¬ 
ported  from  the  sparrow  is  Sternostoma  cry ptorhynchus  Berlese  and  Troues¬ 
sart,  18  89,  found  in  France  but  nowhere  else  since.  Ptilonyssus  nudus  Berlese 
and  Trouessart  was  found  the  same  year  (1889)  in  France  and  has  subse¬ 
quently  been  found  in  Italy,  and  in  Lubbock,  Texas.  Neonyssus  hirsti  was 
reported  by  Castro  and  Pereira  (1947)  from  Italy,  England,  Portugal,  and 
Brazil,  and  we  have  found  it  also  in  Lubbock  sparrows.  This  is  the  only 
species  found  by  Castro  and  Pereira  in  a  survey  of  nasal  mites  on  Brazilian 
sparrows.  Speleognathus  sturni  Boyd  (1948)  originally  described  from  the 
starling,  is  here  reported  from  the  English  sparrow  for  the  first  time.  This 
brings  to  four  the  species  of  nasal  mites  this  bird  is  known  to  harbor. 
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PLATE  I — Neonyssus  hirsti,  female  and  nymph.  Fig.  1,  ventral  view  of  female;  fig. 
2,  chelicera  of  female;  fig.  3,  dorsal  view  of  female;  fig.  4,  ventral  view  of  nymph; 
fig.  5,  ventral  view  of  female  gnathosoma;  fig.  6,  tectum  of  female;  fig.  7,  dorsal  view 
of  nymph. 
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PLATE  II — Neonyssus  hirsti,  male  and  larva.  Fig.  8,  ventral  view  of  male;  fig.  9, 
enlarged  view  of  gnathosomal  paulp,  showing  the  forked  seta;  fig.  10,  dorsal  view  of 
male;  fig.  11,  gnathosoma  of  male,  ventral  view;  fig.  12,  ventral  view  of  larva  show¬ 
ing  the  fourth  pair  of  legs  already  developed  but  not  yet  free  of  the  larval  skin;  fig. 
13,  chela  of  male;  fig.  14,  larva  as  it  appears  before  birth. 
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PLATE  III — Ptilonyssus  nudus,  female.  Fig.  15,  dorsal  and  ventral  view  respectively. 


REMARKS 

In  addition  to  these  species,  one  occasionally  finds,  especially  in  nestlings, 
a  strictly  external  mite  ( Dermanyssus  gallinae )  in  the  nasal  cavities.  In  every 
case  that  we  have  found  them  they  were  dead.  It  seems  safe  to  assume  that 
their  presence  in  the  nasal  cavities  was  strictly  accidental;  either  they  were 
sniffed  up  from  the  feathers  or  the  mites  accidentally  crawled  into  the  nasal 
opening  and  became  trapped  in  the  mucus.  One  wonders  how  nasal  mites 
were  evolved;  presumably  it  was  by  some  such  accident. 

How  they  are  transferred  from  bird  to  bird  is  also  a  puzzle.  As  far  as 
is  known,  all  species  of  nasal  mites  are  ovoviviparous;  so  evidently  new  hosts 
become  infected  by  direct  transfer  from  infected  hosts,  either  by  "billing’’ 
or  while  feeding  the  young.  This  would  seem  to  be  obligatory  for  the 
Rhinonyssidae  which  are  extremely  sluggish.  The  Speleognathidae,  however, 
are  very  agile  and  not  so  susceptible  to  dessication  and  they  could  conceiv¬ 
ably  leave  one  host  and  make  their  way  unassisted  to  another. 
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PLATE  IV — Ptilonyssus  nudus,  female.  Fig.  16,  ventral  view  of  gnathosoma;  fig.  17, 
chelicera;  fig.  18,  Tarsus  I,  side  view. 


SUMMARY 

In  6  5  English  sparrows  ( Passer  domes  ficus)  examined  in  Lubbock, 
Texas,  three  species  of  nasal  mites  were  found:  Neonyssus  hirsti  Castro  and 
Pereira,  1947,  Ptilonyssus  nudus  Berlese  and  Trouessart,  18  89,  and  Speleog- 
nathus  sturni  Boyd,  1948.  About  63  percent  of  the  birds  examined  had  one 
or  more  of  the  above  parasites. 
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Speleognathus 

sturni 


PLATE  V — Speleognathus  sturni,  female^  Fig.  19,  divided  view,  showing  dorsal  and 
ventral  sides. 
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NOTES 

The  following  material  was  passed  along  to  the  editor  by  President 
Hewatt.  As  it  is  of  extreme  interest,  not  only  to  us  but  to  other  people 
concerned  with  financing  State  Academy  publications,  we  publish  it  here 
in  its  entirety. 

FINANCING  PUBLICATIONS  OF  STATE  ACADEMIES 
OF  SCIENCE* 

In  1950,  Forbes  Robertson  made  a  study  of  the  sources  and  sizes  of 
incomes  available  to  state  and  municipal  academies  of  science  for  their  publi¬ 
cation  budgets.  Information  was  obtained  from  nearly  all  such  academies. 
The  report,  originally  made  to  the  Montana  Academy  and  published  in  its 
Proceedings,  was  transmitted  to  the  Academy  Conference  at  the  meeting  in 
Cleveland  in  1950,  and  mimeographed  copies  of  it  have  been  sent  to  all 
academies. 

The  replies  indicated  that  about  a  third  of  the  academies  have  financed 
their  publications  either  exclusively  or  principally  from  membership  dues.  In 
several  of  these  cases,  publications  have  been  irregular.  One  state  academy 
has  gone  out  of  existence  largely  due  to  inability  to  publish  a  worthwhile 
journal  on  a  budget  derived  exclusively  from  dues.  The  academies  which  have 
solved  the  problem  of  publishing  a  journal  exclusively  on  a  budget  derived 
from  dues  are  certainly  to  be  congratulated. 

About  a  third  of  the  academies  have  received  financial  help  from  foun¬ 
dations,  privately  endowed  universities,  or  gifts  from  individuals.  In  two 
instances,  advertising  provided  some  income. 

Approximately  one  third  of  the  academies  reported  that  they  had  re¬ 
ceived  financial  help  from  state  or  municipal  sources.  Approximations  of 
public  funds  were  sometimes  made  directly  to  the  academies,  but  more  usually 
indirectly  through  state  universities  or  other  appropriate  public  institutions. 
The  Illinois  State  Academy  of  Science,  which  the  speaker  had  the  honor  of 
serving  recently,  was  the  recipient  of  state  appropriations  for  many  years, 
but  appropriations  from  such  sources  are  not  completely  reliable.  It  has  been 
thought  that  the  experiences  of  the  Academy  in  obtaining  state  financial  help 
might  be  informative  and  might  provide  profitable  discussion. 

The  Illinois  State  Academy  of  Science  was  founded  in  1907.  Thomas  G. 
Chamberlain,  John  Coulter,  and  Alvah  R.  Crook,  then  Curator  of  the  Illinois 
State  Museum,  were  among  those  active  in  its  establishment.  A  charter  mem¬ 
ber  wrote,  "They  wanted  the  people  of  Illinois — the  common  people  that 
Lincoln  so  loved  and  trusted- — to  know  something  more  about  the  important 
new  discoveries  of  science  which  were  flooding  the  scientific  journals.” 

As  early  as  1911,  the  Academy  secured  the  cooperation  of  the  state 
legislature  in  making  an  appropriation  of  $1,000  a  year  for  the  biennium 
to  defray  the  cost  of  publishing  and  distributing  its  transactions.  But  this 
financial  support  was  withdrawn  the  next  biennium.  In  1916  and  1917  it 
was  believed  that  the  cooperation  of  the  legislature  had  again  been  secured 
and  publication  of  two  volumes  was  contracted  for,  only  to  find  that  the 
governor  of  the  state  had  vetoed  the  bill.  At  last,  in  1919,  twelve  years  after 
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the  founding  of  the  academy,  a  plan  of  loose  affiliation  between  the  State 
Museum  and  the  State  Academy  was  drawn  up,  in  which  the  Curator,  now 
the  Director,  of  the  State  Museum  was  to  be  the  Librarian  of  the  State 
Academy.  He  was  to  serve  as  custodian  for  publications  of  the  Academy 
and  also  any  volume  obtained  by  exchange  with  other  scientific  societies, 
and  he  also  was  to  place  in  his  biennial  budget  a  line  item  to  cover  the  cost 
of  publishing  the  Transactions  of  the  Academy.  If  the  state  legislature  and 
governor  approved  the  budget,  the  problem  of  providing  funds  for  publica¬ 
tion  of  scientific  papers  presented  at  Academy  meetings  was  solved.  Legisla¬ 
tors  and  governors,  year  after  year,  did  approve,  sometimes  not  without  con¬ 
siderable  questioning,  but  they  did  approve  the  appropriations  recommended 
by  the  Director  of  the  State  Museum. 

This  arrangement  continued  until  1950.  In  1948  something  almost 
unique  in  modern  politics  had  occurred.  Illinois  elected  an  economy  minded 
governor  who  had  the  courage  to  put  into  action  his  convictions  that  reduc¬ 
tion  of  state  expenditures  was  desirable  and  possible.  He  appointed  a  com¬ 
mission  to  study  waste  in  state  appropriations,  and  it  recommended  the  dele¬ 
tion  of  a  large  number  of  items  from  the  state  budget  where  there  was  no 
legal  autorization  for  the  appropriation.  This  affected  a  considerable  saving 
to  the  state  by  eliminating  appropriations  for  many  special  privileged  groups. 
And  that  was  all  to  the  good. 

But  when  the  information  was  transmitted  to  the  Council  of  the  Illinois 
State  Academy  it  presented  a  most  serious  problem.  Since  there  was  no  legal 
justification  for  it,  the  appropriation  to  publish  the  Transactions  of  the 
Academy  had  been  deleted  from  the  budget.  Current  membership  dues  would 
not  provide  sufficient  income  to  print  the  sort  of  journal  that  had  been 
published.  Raising  dues  would  probably  curtail  membership,  or  prove  a  serious 
hardship  to  many  teachers  in  high  schools  and  small  colleges  on  low  salary 
scales,  a  group  that  the  Academy  is  peculiarly  well  fitted  to  serve. 

After  careful  consideration  of  advice  obtained  from  several  individuals, 
friends  of  the  Academy  who  were  well  versed  in  political  procedures,  the 
Council  decided  to  endeavor  to  secure  the  passage  of  a  bill  to  amend  the 
Civil  Administration  Code  of  the  state  in  a  way  to  authorize  the  Illinois 
State  Museum  to  cooperate  with  the  State  Academy  in  publishing  scientific 
papers  submitted  by  the  latter.  In  securing  the  passage  of  the  bill,  the  co¬ 
operation  of  many  individuals  was  solicited  and  obtained.  The  list  included: 
the  editor  of  an  influential  newspaper,  executives  in  the  State  Geological  and 
Natural  History  surveys,  directors  of  public  and  private  museums,  a  retired 
banker,  an  officer  in  a  public  utilities  company,  a  president  of  a  privately 
endowed  college,  nearly  all  the  members  of  both  the  State  Board  of  Natural 
Resources  and  Conservation,  and  the  State  Museum  Board  of  Advisors,  and 
many  teachers  in  public  and  private  colleges  and  universities  in  the  state 
and  others. 

After  a  draft  of  the  bill  in  proper  legal  terms  had  been  obtained2,  a  con¬ 
ference  with  the  Governor  was  secured.  Previous  experience  had  shown  that 
it  is  much  easier  for  a  group  without  strong  political  influence  to  secure 
passage  of  a  bill  if  it  met  with  the  approval  of  the  Governor.  The  Governor 
was  completely  in  sympathy  with  a  measure  to  secure  a  legal  way  to  justify 
a  state  approproation.  He  apparently  would  have  opposed  a  request  that  a 
special  exception  to  the  law  be  made  to  appropriate  funds  for  the  publica¬ 
tion  of  the  Academy  transactions.  It  is  understood  that  another  organization 
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in  the  state  that  was  confronted  with  a  similar  situation,  but  which  had  been 
attempting  to  obtain  special  exemption  from  the  blanket  ruling  of  no  appro¬ 
priation  without  legal  authorization,  eventually  followed  the  plan  of  the 
Academy. 

The  Academy  officer  that  visited  the  Governor  told  him  frankly  that 
he  found  himself  in  an  anomolous  situation.  He  was  completely  in  favor  of 
the  Governor’s  economy  program  and  supported  it  wholeheartedly.  But  he 
found  that  he  was  opposed  to  one  feature,  the  curtailment  of  the  appropria¬ 
tion  for  publication  of  the  State  Academy  Transactions.  He  stated  that  he 
had  had  to  convince  himself  that  he  was  not  asking  for  special  privilege, 
but  that  as  a  tax  payer  he  really  wanted  the  appropriation  which  had  been 
made  for  many  years  to  be  continued  in  a  strictly  legal  way. 

The  principal  argument  that  he  had  used  with  himself,  and  which 
proved  persuasive  later  in  the  cases  of  several  legislators,  was  this:  the  State 
finds  it  profitable  to  maintain  Geological  and  Natural  History  Surveys  to 
develop  state  resources.  If  the  budget  for  either  survey  were  increased  to 
$5,000,  an  additional  scientist  could  be  hired  who  would  propably  be  able 
to  publish  a  valuable  report,  perhaps  every  two  years  or,  so.  At  Academy 
meetings,  about  100  scientific  papers  are  presented  annually.  From  these  an 
editorial  committee,  consisting  of  six  well  trained  scientists,  selects  about  a 
third  of  the  papers  for  publication.  Many  of'  these  papers  deal  primarily 
with  scientific  problems  of  particular  interest  and  value  to  the  state.  The 
state  has  not  had  to  pay  a  cent  for  the  work  of  these  scientists.  For  about 
$4,000  the  approximate  annual  cost  of  publishing  the  Transactions,  the  state 
could  preserve  and  transmit  the  careful  work  of  not  one,  but  more  than  3  0 
scientists  annually.  This  was  certainly  a  valuable  economy. 

With  the  approval  of  the  Governor  secured,  and  his  assurance  that  he 
would  offer  no  opposition  to  any  steps  that  might  be  taken  to  secure  passage 
of  the  bill,  the  hard  work  began.  It  was  clear  that  this  sort  of  action  deserved 
bipartisan  support.  The  details  of  steps  necessary  to  secure  the  cooperation 
of  both  the  Majority  Floor  Leader  and  the  Minority  Floor  Leader  of  the 
House,  to  sponsor  such  a  bill  would  unnecessarily  lengthen  this  report.  Some¬ 
how  bills,  especially  those  that  to  legislators  appear  to  be  little  bills,  have  a 
way  of  dying  in  pigeon  holes  or  committee  rooms,  and  it  was  necessary  to 
follow  the  various  steps  of  the  bill  and  write  many  letters.  Some  special 
trips  to  the  state  Capitol  were  made.  But  the  bill  was  passed,  not  because  of 
an  expensive  lobby,  not  because  of  a  powerful  political  pressure  group,  but 
because  a  group  of  earnest  scientists  wanted  to  have  an  opportunity  to  serve 
the  state,  and  they  convinced  an  economy  minded  Governor  and  a  state 
legislature  that  their  service  was  of  sufficient  value  to1  merit  support. 

It  is  given  as  an  opinion  that  man  scientists,  teachers  in  colleges  and 
universities,  who  perhaps  have  a  certain  dislike  for  politics,  as  the  speaker 
had,  would  find  the  contact  with  politicians  an  enlightening  and  invigorating 
experience. 

Doubtless  each  state  academy  has  its  own  financial  problems  connected 
with  its  publications,  and  its  own  way  of  meeting  them.  This  experience  is 
not  presented  with  any  thought  that  all  other  Academies  should  do  likewise. 
If  the  experience  of  the  Illinois  State  Academy  of  Science  can  furnish  any 
useful  hints  to  others,  the  Academy  is  grateful. 
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CONSERVATION  OF  YOUNG  SCIENTIFIC  TALENT* 

JOHN  G.  SINCLAIR 

Medical  Branch  University  of  Texas,  Galveston 

The  conservation  of  human  resources  has  become  a  major  topic  of  dis¬ 
cussion  among  students  of  world  problems.  The  problem,  however,  becomes 
many  problems  when  viewed  from  the  standpoints  of  the  army,  the  church, 
the  politician,  the  industrialist,  the  geneticist,  the  eugenicist,  or  an  ecological 
biologist.  There  is  no  agreement  as  to  desirable  characteristics  and  therefore 
there  cannot  be  agreement  as  to  means  of  accomplishing  objectives. 

In  all  countries  in  which  population  becomes  too  dense  for  the  resources 
the  value  of  life  is  reduced  to  low  levels.  We  are  attempting  to  avoid  that 
catastrophe  here  by  raising  production  rates.  It  is  only  a  temporary  solution 
but  it  does  require  intelligence.  Because  we  realize  that  intelligence  is  very 
unevenly  distributd  we  are  attempting  to  select  individuals  of  high  capacity 
and  offer  them  unusual  opportunities. 

In  the  public  mind  the  appearance  of  genius  is  confused  with  the  feeling 
that  many  others  could  have  done  the  same  thing  if  they  had  had  the  same 
opportunities  or  lucky  breaks.  We  who  have  contacted  such  genius  know 
that  it  represents  a  rare  combination  of  genetic  factors.  Such  people  are 
beyond  value  to  the  human  race.  They  produce  ideas  that  never  would  ap¬ 
pear  and  could  never  be  evolved  from  a  multitude  of  lesser  minds.  The 
number  of  such  geniuses  is  very  small.  They  are  not  limited  by  race  or  cul¬ 
ture.  Generally  they  can  be  recognized  very  early.  Because  genius  does  not 
easily  conform  to  limitations  and  works  alone,  it  sometimes  comes  into  con¬ 
flict  with  authority  either  in  the  home  or  in  the  community.  It  may  be¬ 
come  submerged  under  a  wave  of  restrictions  and  may  be  damaged  perma¬ 
nently.  Fortunately  genius  is  very  often  accompanied  by  all  round  health 
and  plenty  of  reserve  energy.  It  will  frequently  surmount  many  adverse 
conditions. 

The  modern  world  has  learned  to  its  sorrow  that  its  progress  depends 
not  only  upon  its  genius  but  also  upon  the  dragging  weight  of  the  genetically 
poor.  The  pulpit  cannot  rise  much  above  the  pew  or  the  beggars  on  its 
doorstep.  The  lords  of  the  middle  ages  were  not  immune  to  the  pestilence 
raging  among  the  peasantry.  If  genius  is  the  product  of  genes  and  opportun¬ 
ity,  so  also  is  the  low  caliber  brain  (barring  accidents).  This  calls  for  dis¬ 
cussion  at  another  time. 

Productivity  in  contrast  to  creative  thinking  does  not  depend  upon 
genius  but  upon  a  high  level  of  skilled  workmanship  both  physical  and 
mental.  Many  more  minds  with  this  level  of  capacity  can  be  found  and 
competition  is  keener.  The  problem  of  the  Conservation  Council  of  the 
Texas  Academy  of  Science  in  this  field  is  largely  that  of  finding  these  people 
early  and  guiding  them  to  opportunities  for  development  and  service. 

The  means  of  aiding  young  people  available  to  the  Conservation  Coun¬ 
cil  starts  at  present  with  the  Junior  Academy.  With  the  upsurge  of  gen¬ 
eral  education,  almost  everyone  now  has  the  opportunity  to  enter  high  school 
so  that  it  is  the  logical  place  to  start  the  selection  process.  If  the  High  School 


*  Presented  to  the  Conservation  Section,  Texas  Academy  of  Science,  at  the  annual  meeting, 
December,  6-8,  1951,  in  Austin,  Texas. 
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Science  Clubs  include  all  who  are  interested  in  scientific  thinking,  and  offer 
opportunities  and  incentives  to  membership,  they  accomplish  a  very  valuable 
service. 

Two  aspects  of  the  Junior  Academy  need  attention.  It  has  been  slow 
uphill  work  to  extend  the  Junior  Academy  movement  throughout  Texas. 
The  majority  of  the  high  schools  of  the  state  are  not  yet  touched.  We  need 
sponsors  among  the  faculties.  A  few  sponsors  have  dedicated  themselves  to 
this  work  for  years  but  they  have  difficulty  in  making  personal  contacts 
and  correspondence  is  a  very  poor  substitute.  Mr.  Rutland  of  the  former 
State  Board  of  Education  had  planned  on  starting  small  high  school  clubs 
using  conservation  as  a  central  theme.  We  thought  we  could  then  offer 
these  clubs  an  opportunity  to  grow  and  affiliate  with  the  Junior  Academy. 
We  hope  that  Mrs.  Nelle  Alexander,  who  is  consultant  in  secondary  educa¬ 
tion  for  the  reorganized  Teaxs  Education  Agency,  will  make  this  an  oppor¬ 
tunity  for  cooperation.  If  the  project  succeeds  as  it  seems  to  be  succeeding 
to  date  it  will  be  necessary  to  hold  regional  meetings  for  these  groups  apart 
from  the  annual  meeting  of  the  Academy.  The  academy  should  make  it  a 
major  project  to  provide  speakers  and  illustrated  talks  for  these  clubs.  It 
will  require  transportation  money  but  many  speakers  will  donate  some  time 
to  it.  The  State  Board  of  Health  and  the  Education  Agency  may  see  some 
way  of  obtaining  financial  aid  for  such  purposes  or  may  even  provide  some 
speakers.  The  Wildlife  Conservation  organizations  of  the  state  are  enthusi¬ 
astic  within  their  limited  field  and  are  doing  much  with  their  workshop 
programs. 

The  second  aspect  is  that  of  underprivileged  minorities.  Consider  the 
following  statistics:  Of  the  students  starting  the  fifth  grade  in  Texas  only 
43%  of  white  students  and  22%  of  negro  students  will  graduate  from  high 
school.  Of  these  graduates  36  whites  and  10  negroes  will  enter  college.  Fig¬ 
ures  are  not  available  for  the  Latin  American  children  but  my  guess  is  that 
the  situation  is  as  bad  or  worse  than  it  is  for  the  negro.  The  answer  to  this 
problem  is  not  that  there  is  a  lower  mental  capacity  in  these  groups.  Even 
granting,  as  Dr.  Jenkins  of  Howard  University  does,  that  the  average  may 
be  somewhat  lower,  the  striking  thing  about  the  distribution  of  capacity 
is  that  high  capacity  is  largely  common  to  all  racial  groups. 

I  have  been  reading  the  story  of  Benjamin  Banneker  (1731-1806).  He 
was  born  the  free  son  of  an  indentured  mother  and  lived  on  a  farm  in  Mary¬ 
land  before  the  Revolutionary  War.  He  was  educated  by  a  neighboring 
Quaker  farmer  in  his  own  home  but  lived  most  of  his  life  in  the  fear  of 
assassination  or  of  being  snatched  into  slavery  by  gangs.  Far  in  advance  of 
any  training  the  boy  became  a  famous  astronomer  and  mathematician,  pro¬ 
ducing  an  accurate  almanac  from  his  own  calculations.  He  played  a  most 
important  role  in  the  planning  of  the  city  of  Washington,  D.  C.  He  was 
the  friend  of  Thomas  Jefferson  who  recommended  him  for  membership  in 
the  exclusive  French  Academy  of  Science.  He  fought  for  human  rights  and 
together  with  Thomas  Paine  effectively  influenced  the  writing  of  our  own 
constitution.  No,  the  negro  race  does  not  lack  individuals  of  great  capacity. 

Last  summer  I  visited  a  project  demonstrating  what  the  negro  can  do 
under  difficulties.  Laurence  Jones,  the  son  of  a  negro  who  established  the 
first  school  for  negroes  in  Michigan  at  Woodstock  in  186  5,  was  born  and 
raised  in  the  north.  Practically  without  aid  he  initiated  a  Country  Life  School 
at  Piney  Woods  in  Mississippi.  It  started  with  a  forty  acre  plot  donated  by 
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a  former  slave  in  1910  and  has  grown  to  sixteen  hundred  acres  of  woodland 
and  farm  by  gifts  from  neighboring  landowners.  The  students  have  made 
the  brick  and  constructed  a  number  of  dormitories  and  class  buildings.  The 
latest  is  the  library.  This  three  story  brick  structure  is  air-conditioned  and 
has  two  very  pleasant  reading  rooms  in  addition  to  stackrooms  and  work¬ 
rooms.  In  this  school  hundreds  of  underprivileged  students  work  for  their 
tuition  and  board  while  carrying  their  studies  from  the  twelve  year  level 
through  the  Junior  College.  Each  student  must  acquire  two  or  more  methods 
of  earning  a  living  and  spends  half  the  day  practicing  them.  Two  traveling 
musical  organizations  help  raise  the  funds  that  keep  the  school  going.  It 
will  be  interesting  to  follow  the  graduates  of  this  school  to  see  whether  it 
produces  leaders  as  well  as  good  workmen.  The  standards  of  practical  and 
analytic  training  are  high  and  the  standards  of  character  are  maintained  by 
an  enthusiastic  faculty  through  many  unique  devices.  The  general  level  of 
attainment  is  high  enough  to  have  changed  the  economic  status  of  the  whole 
county  in  which  they  live. 

There  is  nothing  comparable  to  this  in  Texas  to  my  knowledge  and 
nothing  in  the  public  educational  system  which  matches  it.  Texas  negroes 
should  take  note  that  this  was  accomplished  in  one  of  the  poorest  counties 
in  the  poorest  state  in  the  union. 

One  of  the  commonest  methods  of  rewarding  merit  in  the  schools  of 
the  state  is  by  competitive  examinations  or  by  the  submission  of  essays  on 
themes  proposed  by  the  donors.  The  Texas  Friends  of  Conservation,  acting 
through  Mr.  Malone  of  Houston,  reached  5,300  students  in  167  high  schools 
this  year.  The  Bausch  and  Lomb  awards  and  the  Westinghouse  scholarships 
are  well  known  to  you.  These  excellent  efforts  aid  relatively  few  to  continue 
their  studies.  Mr.  Jesse  Jones  of  Houston  has  made  available  some  scholarships 
in  agriculture  and  in  nursing  at  Prairie  View  and  at  the  University  of  Hous¬ 
ton.  These  and  other  local  efforts  are  commendable  as  far  as  they  go  but 
much  more  must  be  done.  Leadership  is  required  not  only  in  the  practical 
arts  but  in  many  other  human  activities  of  social  and  economic  importance. 

The  John  Hay  Whitney  Foundation  of  New  York,  in  part  based  on 
profits  from  Texas  sulphur,  has  initiated  a  program  of  opportunity  fellow¬ 
ships  for  students  about  to  graduate  from  college.  The  foundation  is  par¬ 
ticularly  interested  in  American  students  of  minor  racial  stocks  or  of  foreign 
parentage  who  would  be  handicapped  without  some  aid.  The  fields  of  grad¬ 
uate  study  are  in  no  way  limited  and  in  practice  are  most  diverse.  The  in¬ 
stitutions  chosen  for  work  may  be  local  or  even  foreign.  Here  is  an  oppor¬ 
tunity  for  our  Collegiate  Academy  to  help  students  least  likely  to  continue 
into  graduate  work  on  their  own  initiative.  Up  to  this  time  the  applications 
from  Teaxs  have  been  very  few  and  only  one  has  won  a  fellowship.  For 
some  obscure  reason  the  Latin  Americans  show  less  interest  than  the  Texas 
Negro.  So  much  depends  on  early  education  and  directives  that  very  few 
of  either  of  these  groups  get  that  far.  Even  the  Junior  Academy  stimulation 
is  too  late  for  many  of  them. 

The  Iowa  Academy  of  Science  has  indicated  a  method  of  aiding  more 
talented  high  school  graduates.  Westinghouse  scholarships  are  very  limited 
in  number  and  the  honor  roll  from  the  talent  search  contains  the  names  of 
many  first  class  students.  Iowa  places  these  on  an  honor  roll  for  the  state 
and  then  aids  in  placing  these  young  people  in  colleges  of  their  own  choos¬ 
ing  in  or  outside  the  state.  There  are  industrialists  on  the  Academy  Com- 
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mittee  and  one  firm  has  aided  10  students  each  year  with  an  initial  fund  of 
about  $150  each  to  start  them  off.  Scholarships  take  care  of  them  after  they 
arrive. 

The  Texas  Academy  of  Science  could  well  profit  by  these  various  meth¬ 
ods  of  solving  the  problem.  It  will  take  the  time  and  energy  of  some  one 
willing  to  serve  as  a  Council  member  for  this  purpose  but  the  satisfaction 
in  results  is  infinite. 

Intelligent  parents  are  the  finest  possible  directive  influence  in  develop¬ 
ing  young  minds.  Few  parents,  however,  have  either  the  knowledge  or  the 
facilities  to  do  a  good  job.  In  our  fast  moving  world  teachers  are  the  key 
to  the  educational  structure.  The  quality  of  scientific  instruction  in  our 
schools  could  be  very  much  improved.  By  quality  I  do  not  stress  the  matter 
of  more  equipment,  more  space  nor  more  visual  aids.  These  are  good  but 
the  ability  to  think  critically  and  scientifically  depends  very  little  upon  these 
things.  It  is  best  served  not  by  continuous  demonstration  of  the  new  and 
wondrous  things  of  science  but  by  the  socratic  leadership  of  the  teacher 
drawing  out  from  the  student  his  own  processes  of  reasoning  and  inciting 
him  to  plan  methods  of  testing  his  ideas.  Our  curricula  clear  through  the 
university  and  professional  schools  are  becoming  so  packed  with  factual  data 
that  the  method  of  scientific  thinking  is  too  frequently  lost  in  the  shuffle. 
The  Academy  could  do  nothing  better  than  to  back  the  State  Educational 
Agency  in  raising  the  standards  of  scientific  teaching  in  this  state.  It  will 
not  be  accomplished  by  those  who  in  teacher  training  institutions  do  not 
themselves  think  scientifically.  Putting  a  frosting  on  a  half-baked  cake  does 
not  make  it  digestible. 


ERRATA 

In  Dr.  W.  Frank  Blair’s  paper,  "Mammals  of  the  Tamaulipan  Biotic 
Province  in  Texas”  which  appeared  in  the  Journal,  Volume  IV  (2) :  230-2  50, 
the  caption  for  Figure  1  appears  at  the  bottom  of  page  236,  instead  of 
under  the  figure.  On  page  247,  the  subhead  "Biographical”  should  have 
read  "Biogeographical.” 
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RECENT  POPULATION  TRENDS  IN  TEXAS 

R.  L.  SKRABANEK 

Department  of  Agricultural  Economics  and  Sociology 
Texas  A.  and  M.  College 

Population  phenomena  touch  every  phase  of  human  experience  at  some 
point  and  affect  social  behavior  in  many  ways.  As  the  human  interests  and 
economic  activities  in  any  area  are  modified,  there  are  responsive  adjustments 
in  the  population.  These  adjustments  affect  governmental  representation, 
taxation,  institutional  administration,  and  every  other  phase  of  human  rela¬ 
tionships.  Numerous  political  and  economic  problems  which  have  had  to  be 
considered  in  our  state  have  arisen  in  part  from  the  cumulative  effects  of 
migrations  and  from  gradual  changes  in  the  composition  of  population  which 
extend  over  a  number  of  decades. 

The  future  agricultural  and  industrial  growth  and  development  of 
Texas  is  dependent  in  large  part  upon  the  number  and  the  quality  of  its 
population.  The  present,  therefore,  appears  to  be  a  good  time  to  examine 
the  facts  about  important  changes  in  the  number,  distribution  and  charac¬ 
teristics  of  the  population  of  Texas.  No  attempt  is  made  in  this  paper  to 
elaborate  on  the  importance  and  implications  of  each  major  trend.  Each 
individual  trend  is  a  subject  worthy  of  lengthy  discussion  within  itself  and 
would  require  more  time  and  space  than  is  feasible  for  the  present  assign¬ 
ment. 

The  people  of  Texas  need  to  consider  what  has  happened  and  what  is 
happening  to  the  population  of  the  state  as  a  guide  to  future  rural  and  urban 
developments.  By  so  doing  Texans  can  hope  to  understand  some  of  their 
present  problems  more  clearly  and  to  plan  more  adequately  for  future  de¬ 
velopment. 

POPULATION  GROWTH  FROM  1850  TO  1950 

At  the  time  that  Texas  was  admitted  to  the  Union  approximately 
212,000  people  resided  within  the  state’s  boundaries.  Since  that  date  its 
population  has  grown  so  rapidly  that  by  19 501  it  had  reached  a  total  of  7,- 
711,194.  Thus  the  number  of  people  in  Texas  had  grown  to  a  point  in 
1950  that  was  more  than  36  times  its  population  of  a  century  before.  As  a 
result  of  this  rapid  growth,  Texas  now  has  gained  the  distinction  of  being 
the  sixth  most  populous  state  in  the  nation. 

POPULATION  GROWTH  IN  THE  LAST  DECADE 

The  increase  in  number  of  people  between  1940  and  1950  represented 
a  record  numerical  increase  between  successive  censuses-— the  total  gain  being 
1,296,370.  Furthermore,  the  rate  of  growth  of  population  in  Texas  ex¬ 
ceeded  that  of  the  nation  during  the  past  decade,  for  the  percentage  in¬ 
crease  achieved  by  the  state  was  20.2  whereas  the  nation  increased  by  only 
14.5  percent.  The  significance  of  this  trend  is  greater  when  one  points  out 
that  two  of  its  neighboring  states — Arkansas  and  Oklahoma— had  fewer 


1  The  sources  of  data  used  in  this  naner  are  Bureau  of  Census  reports.  The  1950  data  are 
derived  from  Census  releases,  Series  PC-8  and  PC-6,  giving  -preliminary  counts  of  the 
population. 
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TABLE  I 

CHANGE  IN  THE  POPULATION  OF  TEXAS,  1850  TO  1950 


Year  The  State 

Population  Increase  over  Preceding  Census 

Numbers  Percent 


1950 

7,711,194 

1,296,370 

20.2 

1940 

6,414,824 

590,109 

10.1 

1930 

5,824,715 

1,161,487 

24.9 

1920 

4,663,228 

766,686 

19.7 

1910 

3,896,542 

847,832 

27.8 

1900 

3,048,710 

813,183 

36.4 

1890 

2,23  5,527 

643,778 

40.4 

1880 

1,591,749 

773,170 

94.5 

1870 

818,579 

214,364 

35.5 

1860 

604,215 

391,623 

184.2 

o 

oo 

212,592 

PERCENTAGE  OF  CHANGE 
IN  TOTAL  POPULATION 
IN  TEXAS,  BY  COUNTIES, 
1940  TO  1950 


PERCENT  OF  INCREASE 
45.0  and  over 
15.0  to  44.9 
0.  0  to  14.9 

PERCENT  OF  DECREASE 
EM  0.0  to  14.9 
|  |  15.0  and  over 
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people  residing  within  their  boundaries  in  1950  than  in  1940.  Another 
neighboring  state,  Louisiana,  experienced  a  percentage  gain  which  was  only 
about  three-fifths  as  great  as  was  the  one  recorded  for  Texas. 

Many  Texans  would  argue  that  its  recent  large  numerical  increase  in 
people  should  be  attributed  to  the  fact  that  so  many  "foreigners”  have  been 
moving  into  the  state.  Census  figures,  however,  do  not  bear  out  this  popular 
notion,  for  they  indicate  that  the  total  number  gained  through  migration 
to  be  only  about  27,000.  Thus  a  major  part  of  the  gain  was  a  result  of 
natural  increase — the  excess  of  births  over  deaths.  During  the  past  ten-year 
period,  the  number  being  born  in  the  state  exceeded  the  number  of  deaths 
by  a  ratio  of  slightly  more  than  three  to  one. 

REDISTRIBUTION  OF  POPULATION  BETWEEN  1940  AND  1950 

Although  a  big  population  increase  has  been  noted  for  the  state  as  a 
whole,  it  is  of  course  to  be  expected  that  not  all  parts  of  the  state  shared 
the  gain  equally.  The  tendency  for  the  largest  of  the  population  increases 
to  be  concentrated  in  certain  small  parts  of  the  state  is  shown  by  the  map 
on  population  changes.  Between  1940  and  1950,  population  increases  oc¬ 
curred  in  108  counties,  or  only  43  percent  of  the  2  54  counties  in  the  state. 

In  order  to  make  up  for  the  losses  suffered  by  a  majority  of  the  counties 


YEAR  1950. 

URBAN 
RURAL  N.F. 
RURAL  F. 


YEAR  1940 
URBAN 
RURAL  N.F. 
RURAL  F. 


YEAR  1930. 

URBAN 

RURAL  N.F.  1§§ 

RURAL  F.  I  40.2% 


YEAR  1920 
URBAN 
RURAL  N.F. 
RURAL  F. 


id©  % 


PERCENT  POPULATION  ACCORDING  TO 
URBAN,  RURAL  NONFARM,  RURAL  FARM 
RESIDENCE  IN  TEXAS,  1920-1950 
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and  still  permit  the  state  to  register  a  big  gain,  the  108  gaining  counties  had 
to  average  an  increase  of  over  10,000  per  county.  Andrews  County,  in  the 
southern  part  of  the  Panhandle,  showed  the  biggest  percentage  gain  of  any 
county  in  the  state  with  an  unusually  large  increase  of  over  290  percent. 
Harris  County,  on  the  other  hand,  experienced  the  largest  numerical  increase 
by  adding  almost  2  80,000  to  its  total  in  the  last  decade.  Other  gains  were 
most  marked  in  four  areas.  These  were:  (1)  the  rapid-growing  area  along 
the  Gulf  Coast,  where  gas  production,  chemical  and  light  metals  plants  as 
well  as  defense  plants  and  manufacturing  are  expanding;  (2)  The  Dallas- 
Fort  Worth  area;  (3)  The  Lower  Rio  Grande  Valley,  where  the  extension 
of  irrigation  and  citrus  and  vegetable  production  is  taking  place;  and  (4) 
The  West  Texas  area,  where  oil  and  gas  production  coupled  with  irrigation 
is  accounting  for  population  growth  such  as  has  never  been  recorded  before 
in  this  part  of  the  state. 

The  redistribution  of  people  from  one  area  to  another  is  only  natural, 
because  for  the  most  part  it  merely  reflects  the  changing  opportunities  in 
different  sections  of  the  state. 

recent  rural-urban  trends 

In  contrast  with  the  forces  which  stimulated  rapid  population  growth 
in  restricted  areas  are  the  factors  which  have  been  responsible  for  declines 
in  146,  or  57  percent,  of  the  counties  in  the  state. 

As  indicated  by  the  map  previously  presented,  the  counties  suffering 
population  losses  are  mainly  those  in  which  agriculture  is  the  major  occupa¬ 
tion.  One  of  the  most  important  population  trends  taking  place  in  Texas 
is  the  general  exodus  of  large  numbers  of  farm  people  to  cities.  The  preced¬ 
ing  chart  indicates  the  rapid  rate  at  which  this  change  is  taking  place. 

This  trend  is  by  no  means  a  new  one,  but  it  has  received  more  than 
the  usual  amount  of  attention  since  the  recent  census  affirmed  Texas5  shift 
from  a  predominantly  rural  to  an  urban  state  for  the  first  time  in  its  history. 
Even  so,  Texas  still  ranks  second  among  the  states  in  total  rural  population, 
being  surpassed  in  numbers  only  by  Pennsylvania. 

In  1940  only  about  45  percent  of  the  people  were  classified  as  urban. 
By  1950,  however,  Texans  had  so  redistributed  themselves  that  census 
returns  show  that  63  percent  of  its  inhabitants  now  live  in  urban  areas. 
The  remaining  37  percent  of  the  people  either  live  on  farms  or  are  classified 
as  rural  non-farm  residents.  Of  the  three  residential  classifications— urban, 
rural  farm  and  rural  non-farm — only  the  farm  population  showed  a  de¬ 
cline  in  total  number  in  the  last  decade. 

The  decline  in  farm  population  is  the  result  of  a  reduction  in  the 
amount  of  manpower  needed  on  the  farms  in  the  state.  Many  small  farms 
have  been  combined  into  larger  ones.  This  took  place  at  such  a  rapid  rate 
that  the  number  of  farms  in  Texas  was  reduced  by  over  86,000  between 
1940  and  1950,  although  the  total  acreage  in  cultivation  has  increased.  As 
the  use  of  mechanical  devices  in  agriculture  has  spread  and  former  row  crop 
farms  are  going  into  grass  and  cattle  production,  fewer  people  are  needed 
to  operate  the  farms;  consequently  the  excess  population  moves  to  cities. 

recent  race  trends 

The  most  recent  count,  that  of  1950,  showed  a  total  white  population 
in  Texas  of  approximately  6,825,000,  or  88.5  percent  of  all  persons  included 
in  the  Census.  At  the  same  time  there  were  enumerated  approximately  8  86,- 
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000  non-whites  (11.5  percent)  in  the  state.  The  term  "non-whites”  includes 
the  country’s  Indian,  Asiatic,  and  Negro  population.  Since  in  1940  Inc’i  ns 
and  Asiatics  combined  comprised  less  than  one-twentieth  of  one  percent  of 
the  state’s  population,  the  terms  non-white  and  Negroes,  may  be  theoretically 
used  synonymously. 

During  the  last  three  decades-— from  1920  to  1950 — the  number  of 
whites  increased  by  42.6  percent.  At  the  same  time  the  rate  o[:  increase 
among  Negroes  was  only  about  one-third  as  fast  —  showing  an  increase  of 
only  15.9  percent.  In  the  past,  Negroes  in  Tex’s  have  tended  to  concentrate 
on  farms.  During  the  last  decade,  however,  they  have  been  leaving  the  rural 
areas  for  cities.  Furthermore,  a  net  migration  of  s'zable  proportions  from 
Texas  to  industrial  states  in  the  North  and  far  West  was  registered  during 
the  last  decade. 

There  were  approximately  41,279  fewer  Negroes  residing  within  the 
state’s  boundaries  in  1950  than  there  were  in  1940.  At  the  same  time  that 
a  decline  in  numbers  of  Negroes  was  being  registered,  the  number  of  whites 
increased  by  well  over  one  and  a  quarter  million.  Texas  was  not  the  only 
state  to  record  a  loss  in  number  of  Negroes  during  the  last  decade,  however, 
for  at  least  seven  other  southern  states  experienced  declines  in  non-white 
population.  Mississippi,  for  example,  registered  a  loss  of  over  87,000  Negroes, 
which  is  more  than  twice  the  number  lost  in  Texas  during  the  same  ten- 
year  period.  On  the  other  hand,  New  York  and  California  had  the  biggest 
gains  in  Negro  population,  more  than  300,000  each. 

Negro  leaders  apparently  expect  the  movement  of  their  people  from 
the  south  to  continue.  If  such  be  the  case,  the  number  of  Negroes  in  Texas 
can  be  expected  to  decline  at  a  rapid  rate. 

RECENT  AGE  AND  SEX  TRENDS 

Age  and  sex  are  two  factors  which  are  of  great  significance  in  determin¬ 
ing  the  productive  capacity  of  a  given  population.  For  this  reason  it  is  im¬ 
portant  to  present  the  basic  facts  pertaining  to  the  age  and  sex  trends  in 
Texas. 

Many  Texans  will  be  surprised  to  find  that  their  state  is  fast  becom¬ 
ing  a  woman’s  state.  For  the  first  time  in  our  history,  females  outnumber 
the  males.  A  century  ago  there  were  115  males  for  every  100  females  in 
Texas.  The  advantage  in  numbers  held  by  males  has  been  steadily  declining 
until  in  1950,  there  were  only  99.9  of  them  for  every  100  females  in  this 
state.  Furthermore,  this  trend  is  expected  to  continue  as  long  as  the  females 
hold  an  edge  in  the  length  of  life  span.  Currently,  the  white  female  in  Texas 
lives  about  5  years  longer,  on  the  average,  than  does  the  white  male.  There 
is  no  indication  at  present  that  this  difference  might  become  smaller  in  the 
future. 

Few  population  facts  are  of  more  significance  than  is  the  age  structure 
of  a  population.  The  most  significant  recent  age  trends  in  Texas  includes 
the  following:  (1)  an  increase  in  the  numbers  of  old  people;  (2)  an  in¬ 
crease  in  the  number  of  very  young  people;  and  (3)  fewer  youth  and  middle- 
aged  people. 

Youths  from  15  to  2  5  years  of  age  and  younger  adults  from  2  5  to  34 
years  of  age  made  up  a  smaller  share  of  the  population  in  1950  than  in  1940. 
Especially  worthy  of  note  was  the  decrease  in  the  15  to  24  age  group  in 
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the  last  decade — from  18.8  percent  to  15.1  percent.  This  is  expected  to  be 
temporary,  however,  as  a  rise  in  the  number  of  youths  is  expected  after  195  5 
because  of  the  high  birth  rate  after  1940. 

In  1940  youngsters  under  5  years  of  age  made  up  9.0  percent  of  the 
total  population  in  Texas.  By  195  0,  however,  children  in  this  age  group 
made  up  11.5  percent  of  the  total  population. 

The  increasing  proportion  of  older  persons  in  our  population  is  at¬ 
tracting  a  great  deal  of  attention  in  the  state.  Today  over  half  a  million 
Texans  are  6  5  years  of  age  or  over.  This  number  accounts  for  nearly  one 
out  of  every  14  persons  in  the  state.  In  1870,  or  80  years  ago,  only  about 
one  out  of  every  67  persons  in  the  state  was  65  years  of  age  or  over  and  in 
1940  this  group  comprised  about  1  out  of  every  19  persons.  Thus,  it  is 
readily  obvious  that  old  people  are  making  up  a  larger  proportion  of  our 
population  as  we  advance  through  the  years.  This  group  has  become  so 
increasingly  important  that  there  are  few  Texans  who  are  not  aware  of  the 
economic,  political,  and  social  implications  of  this  trend. 

SUMMARY  AND  CONCLUSIONS 

In  conclusion,  attention  should  be  again  called  to  the  fact  that  the 
implications  of  the  trends  described  in  this  paper  are  many.  Each  individual 
trend  is  a  subject  worthy  of  separate  discussion  and  each  one  separately 
could  justifiably  be  given  as  much  space  as  is  devoted  to  this  entire  paper. 
Since  the  present  assignment  was  to  point  up  the  major  trends,  however, 
no  effort  was  made  to  elaborate  on  their  many  and  broad  implications. 

The  following  are  some  of  the  more  recent  important  population  trends 
in  Texas: 

1.  Texas  has  experienced  a  very  rapid  growth  in  population.  Within 
the  last  decade  Texas  recorded  its  largest  all-time  numerical  increase  be¬ 
tween  successive  censuses. 

2.  The  largest  portion  of  the  population  increase  was  concentrated 
in  small  parts  of  the  state.  Some  146,  or  57  percent,  of  the  counties  had 
fewer  people  residing  in  their  boundaries  in  1950  than  they  did  in  1940. 

3.  For  the  first  time  in  our  history,  Texas  has  more  people  living  in 
cities  than  in  rural  areas. 

4.  The  migration  of  Negroes  from  the  state  occurred  in  such  large 
proportions  that  there  are  approximately  41,000  fewer  Negroes  in  Texas 
in  19  50  than  there  were  in  1940.  At  the  same  time  the  number  of  whites 
increased  by  well  over  one  and  a  quarter  million. 

5.  For  the  first  time  in  our  history  females  in  Texas  outnumber  the 
males  by  a  slight  margin. 

6.  There  are  more  very  young  and  very  old  people  in  our  population 
now  than  in  1940.  On  the  other  hand,  youths  15  to  24  years  of  age  and 
younger  adults  from  2  5  to  34  years  of  age  made  up  a  smaller  share  of  the 
population  in  19  5  0  than  they  did  in  1940. 
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THE  REFRACTION  SEISMIC  TECHNIQUE 
was  developed  in  Germany  and  reduced  to  practice 
by  L.  Mintrop  of  Germany.  First  use  of  the  instru¬ 
ment  in  North  America  was  in  Mexico  and  the 
Gulf  Coast  of  Texas  and  Louisiana.  Refraction  crews 
began  working  in  the  Gulf  Coast  region  about  1924, 
and  were  credited  with  the  first  seismic  discovery 
in  the  United  States.  This  illustration  shows  an  early 
model  Mintrop  Instrument.  When  records  were  be¬ 
ing  made,  the  tent  flaps  were  dropped  to  form  a 
dark  room.  Tremendous  explosions  were  detonated 
to  induce  waves  into  the  earth.  A  detector  .  .  .  with 
three  to  five  spaced  one  mile  apart  in  an  arc  .  .  . 
was  placed  immediately  in  front  of  the  recording 
instrument,  and  it  transmitted  the  wave  motion  to 
sensitized  paper  by  means  of  a  light  beam. 


SUPERIOR  INSTRUMENTATION  is  still 
master  key  to  progress  in  the  search  for  hidden 
traps;  however,  a  second  factor  is  equally  import 
in  present-day  exploration.  That  factor  is  accui 
interpretation  of  the  complex  data  obtained.  Witl 
backlog  of  more  than  16  years’  experience  .  .  .  p 
a  record  of  leadership  in  instrument  improvemes 
to  meet  specific  needs  for  various  areas  .  .  .  Gi 
eral  Geophysical  is  better  equipped  to  determine  fi  l 
locate  conditions  favorable  to  finding  new  oil  ■ 
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THE  TEXAS  ACADEMY  OF  SCIENCE 
Annual  Meeting,  1952 

The  Texas  Academy  of  Science  held  its  1952  meeting  on  the  campus 
of  Texas  Christian  University  in  Fort  Worth  on  December  4,  5,  and  6. 
Section  IV,  Earth  Sciences,  met  in  association  with  The  Fort  Worth 
Geological  Society.  Over  700  persons  registered  during  the  meeting. 

Most  of  the  ten  concurrent  sessions,  including  those  of  the  Collegiate 
Academy  and  the  Junior  Academy,  were  held  in  the  new  Science  Building 
(shown  above)  at  Texas  Christian  University.  This  handsome  building  was 
dedicated  at  11  a.  m.  on  Friday,  December  5,  and  the  dedication  ceremony 
was  followed  by  an  address  by  Dr.  William  Pollard,  Executive  Director,  Oak 
Ridge  Institute  of  Nuclear  Studies. 


FIG.  1 — Mud  volcano  at  Maritaro 


THE  HOT  SPRINGS,  GEYSERS,  AND  SOLFATARAS  OF 
THE  NORTHERN  PART  OF  THE  STATE  OF 
MICHOACAN,  MEXICO 

COYLE  E.  SINGLETARY 

Michoacan  is  a  state  in  the  southwestern  part  of  Mexico.  Throughout 
most  of  the  state  the  landscape  is  volcanic,  composed  of  lava  flows,  ash 
beds,  and  cinder  cones.  That  this  volcanic  area  is  still  active  was  shown 
by  the  sudden  appearance  and  growth  of  the  volcano,  Paricutin,  in  1943. 
There  are  many  thermal  springs  scattered  throughout  the  state.  This  paper 
will  deal  with  the  larger  thermal  areas  in  the  northern  part  of  Michoacan. 

The  information  contained  in  this  report  was  collected  in  June,  1951 
and  the  places  described  were  visited  by  the  University  of  Texas  Geography 
field  school.  The  field  school  is  conducted  annually  in  some  part  of  Latin 
America  by  the  University  of  Texas  Department  of  Geography.  Last  sum¬ 
mer  it  was  held  in  the  state  of  Michoacan,  Mexico  under  the  direction  of 
Dr.  Donald  D.  Brand. 

The  tour  of  the  thermal  area  was  made  in  the  early  part  of  the  rainy 
season.  A  1950  Chevrolet  carryall  was  used  for  transportation  and  all  points 
were  easily  accessible  to  this  vehicle  except  Maritaro  and  Laguna  Verde. 

There  is  no  easily  accessible  published  description  of  the  thermal  areas 
of  Michoacan  and  most  of  the  springs  have  never  been  described  at  all.  The 
best  known  of  the  geysers  are  those  of  Ixtlan  de  los  Hervores  which  were 
described  by  Paul  Waitz  in  the  Guide  des  Excursions  of  the  10th  Geological 
Congress  held  in  Mexico  in  1906. 

Lake  Cuitzeo  is  one  of  the  large  lakes  in  Mexico.  It  is  in  the  northern 
part  of  Michoacan  on  the  Guanajuato  border.  At  the  present  time,  the  lake 
level  is  the  lowest  in  the  memory  of  man  due  to  a  series  of  extremely  dry 
years.  There  are  several  hot  springs  along  the  south  side  of  the  lake. 
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FIG.  3 — Old  bathouse  at  Tararameo 
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FIG.5 — Salt  leaching  installation  at  Araro. 


FIG.  6 — -Salt  leaching  installation  at  Araro 
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FIG.  7 — Thermal  lake  at  Zinapecuaro 


FIG.  8 — Thermal  area  at  Mari  taro 
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FIG.  9 — Laguna  Verde 


FIG.  10 — Mesquite  beans  cooking  at  Ixtlan  de  los  Hervores 
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CHUCANDIRO 

The  town  of  Chucandiro  is  on  the  south  shore  of  the  lake  near  its 
western  end.  Here  warm  water  flows  from  beneath  an  old  lava  flow.  The 
water  is  slightly  salty. 

TARARAMEO 

The  village  of  Tararameo  is  on  the  south  side  of  the  lake  and  about  a 
mile  east  of  the  causeway.  An  old  bathhouse  (Fig.  3)  and  several  hot 
springs  are  there.  At  the  present  time  the  water  is  merely  warm.  However, 
a  woman  washing  clothes  in  the  spring  remarked  that  the  temperature  of 
the  springs  rises  when  the  level  of  the  lake  rises.  The  women  should  know 
the  characteristics  of  the  springs,  as  they  spend  a  good  portion  of  their 
time  washing  clothes  there.  It  is  difficult  to  explain  why  the  level  of  the 
water  in  the  lake  should  influence  the  temperatures  of  the  springs. 

ARARO 

Near  the  east  end  of  Lake  Cuitzeo  is  the  town  of  Araro.  About  a  mile 
and  a  half  west  of  Araro  are  the  Banos  de  Huingo.  A  bathhouse  marks  the 
eastern  edge  of  this  thermal  area.  This  is  a  long  oval  basin  with  the  largest 
most  active  springs  near  the  center.  The  long  axis  of  the  oval  strikes  N. 

20°  E. 

There  are  springs  in  every  stage  of  activity  in  this  group.  There  are 
fumaroles  which  emit  only  steam,  springs  of  boiling  mud,  clear  springs 
(Fig.  4),  and  springs  which  show  a  definite  cycle  of  activity,  i.e.,  geysers. 

Some  of  the  springs  are  merely  lukewarm  while  some  are  at  the  boiling 
point. 

The  largest  spring  has  a  diameter  of  about  five  feet.  It  has  a  definite 
periodicity,  the  water  at  times  being  absolutely  quiet  and  at  other  times 
boiling  violently  to  a  height  of  18  inches.  The  complete  cycle  from  maxi¬ 
mum  turbulence  through  quiescence  to  turbulence  again  requires  1  minute 

and  5  to  10  seconds. 

The  local  people  use  the  springs  to  cook  elote  or  sweet  corn  and  to 
scald  hogs. 

The  hot  springs  of  Araro  made  it  one  of  the  most  sacred  places  of  the 
Ancient  Tarascan  Indians.  Sacrifices  were  made  to  the  springs. 

The  mud  flats  along  the  shore  of  the  lake  are  composed  of  fine  sand 
and  silt  impregnated  with  brine.  Salt  is  extracted  from  this  mud. 

Where  water  flows  from  the  springs,  it  is  conducted  through  an 
elaborate  network  of  ditches  to  the  salt  working  areas.  Throughout  the 
thermal  zone  and  wherever  the  brackish  water  and  salt  mud  are  available, 
salt  is  extracted. 

To  extract  salt  from  the  mud,  first  a  cone  or  funnel  about  6  feet 
high  (Fig.  5)  made  of  wooden  planks  is  constructed  near  one  of  the  ditches 
containing  running  water.  At  the  bottom  of  this  funnel  is  a  wooden  trough 
made  of  a  hollowed  log. 

The  wooden  funnel  is  filled  with  the  salt  mud  and  the  salt  is  leached 
out  when  water  from  the  ditch  is  poured  into  the  funnel  and  allowed  to 
percolate  through  the  mud.  The  salty  water  is  collected  in  the  trough  at 
the  bottom  of  the  funnel  and  the  mud  is  allowed  to  settle  out.  The  water 
is  then  spread  in  vats  to  dry.  (Fig,  6) 
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The  pictures  were  taken  in  June,  early  in  the  rainy  season.  The  troughs 
were  covered  or  overturned  to  protect  them.  Salt  is  only  made  in  the  dry 
season  when  evaporation  is  most  rapid. 

ZINAPECUARO 

About  5  miles  south  of  the  east  end  of  Lake  Cuitzeo  and  30  miles 
by  road  from  Morelia  is  the  town  of  Zinapecuaro.  Two  miles  east  of  Zina- 
pecuaro  is  a  warm  spring  which  has  been  converted  into  a  tourist  attrac¬ 
tion.  (Fig.  7)  Many  improvements  have  been  made.  The  water  has  been 
impounded  to  create  a  lake.  The  shores  have  been  landscaped  and  a  hotel, 
restaurant,  and  bathhouses  built.  The  water  of  the  lake  is  nearly  at  body 
temperature  and  has  a  slightly  sulphurous  taste. 

EL  MARITARO 

El  Maritaro  is  the  name  given  to  a  group  of  sulphurous  fumaroles 
about  6  miles  from  Jerahuaro  and  about  the  same  distance  from  Ucareo. 
(Fig.  8)  Ucareo  is  about  50  miles  from  Morelia.  This  was  the  most  striking 
thermal  area  visited  (excepting,  of  course  (  the  volcano,  Paricutin.)  The 
thermal  area  contains  about  50  square  yards  of  sulphur  and  alum  encrusted 
ground.  A  cart  road  leads  to  Jerahuaro  and  it  is  said  that  it  was  used  to 
carry  sulphur. 

There  are  a  number  of  fumaroles,  from  which  sulphurous  gases  escape 
under  pressure.  At  one  side  of  the  area  is  a  mud  volcano.  (Fig.  1)  This  is 
a  basin  about  10  feet  across  in  which  a  gray  viscous  mud  boils  violently. 

LAGUNA  VERDE 

About  one-half  mile  east  of  El  Maritaro  is  Laguna  Verde.  (Fig.  9) 
Laguna  Verde  is  a  lake  about  x/4  mile  long  and  about  half  that  wide.  It  is 
fed  by  thermal  sulphurous  springs  similar  to  those  at  Maritaro.  The  water 
at  the  north  end  of  the  lake  is  very  hot  and  contains  much  sulphur.  At  the 
south  end  the  water  is  cold  and  sweeter. 

The  ground  around  the  north  end  is  encrusted  with  sulphur  and  alum. 
In  some  cases  this  crust  thingly  covers  cavities  containing  hot  mud.  There 
are  a  number  of  fumaroles  and  mud  volcanos  at  this  end. 

IXTLAN  DE  LOS  HERVORES 

The  best  known  thermal  area  of  Michoacan  is  the  geysers  of  Ixtlan 
de  los  Hervores.  The  thermal  area  is  linear  and  stretches  east  from  Ixtlan 
about  1  /2  miles.  At  its  west  end  is  a  bathhouse.  It  is  here  that  the  women 
gather  to  wash  clothes.  The  washing  of  clothes  in  these  springs  is  quite  an 
easy  process.  The  clothes  are  merely  thrown  into  the  spring  where  the 
turbulence  of  the  water  works  the  dirt  out.  The  local  people  cook  mesquite 
beans  and  corn  in  the  smaller  springs.  (Fig.  10).  The  village  of  Salitre  is 
near  the  middle  of  the  thermal  area. 

Most  of  these  springs  have  a  cyclical  activity,  the  cycles  varying  from 
spring  to  spring.  The  water  is  salty. 

The  largest  of  these  springs  is  known  as  Pozo  Verde.  It  is  about  200 
yards  from  Salitre.  The  banks  of  the  spring  are  coated  with  travertine  and 
there  is  a  natural  bridge  of  travertine  spanning  the  outlet. 
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We  were  told  that  Pozo  Verde  is  a  geyser  that  erupts  at  irregular  in¬ 
tervals  and  that  its  eruptions  usually  occur  in  the  dry  season.  They  are 
said  to  have  been  much  more  frequent  before  Paricutin  appeared.  The  well 
is  about  25x15  feet  and  when  active  throws  water  about  10  feet  into  the 
air. 

RELATION  BETWEEN  THERMAL  SPRINGS  AND  SEISMIQITY 

The  highlands  of  Michoacan  and  adjacent  states  are  composed  of  lava 
flows,  ash  beds  and  cinder  cones,  all  the  result  of  intense  vulcanism.  There 
is  apparently  a  single  great  pocket  of  magma  beneath  this  area.  One  indi¬ 
cation  of  this  is  the  similarity  between  the  recent  volcanos  Paricutin  and 
Jorullo  and  the  many  extinct  cones  which  dominate  this  landscape.  That 
seismic  activity  in  one  part  of  the  area  affects  the  other  parts  is  shown  by 
the  sudden  decrease  in  the  magniture  and  frequency  of  the  eruptions  of 
the  geysers  of  Araro  and  Ixtlan  in  1943  when  Paricutin  erupted. 

The  thermal  areas  described  in  this  paper  are  the  most  spectacular  of 
northern  Michoacan.  There  are  many  hot  springs  in  the  adjacent  states 
and  a  few  in  southern  Michoacan.  All  of  those  mentioned  in  this  paper  are 
at  the  southern  edge  of  a  great  topographical  and  structural  depression  of 
which  Lake  Chapala  and  Lake  Cuitzeo  are  a  part.  (Fig.  2)  This  depression 
is  a  zone  of  earthquakes. 

Maritaro  and  Laguna  Verde  are  at  the  base  of  the  great  volcano  San 
Andres,  the  highest  mountain  in  Michoacan.  They  are  an  indication  that 
the  volcano  is  not  completely  inactive. 


“Indian  Summer,”  Wilfrid  Russell:  With  a  Foreword  by  The  Earl  of  Scarbrough.  Bombay: 

Thacker.  London  :  Luzac.  18s.  6d. 

The  transfer  of  power  to  the  statesmen  of  India  and  Pakistan  was 
made  in  the  end  with  breathless  speed.  "Indian  Summer”  is  an  eye-witness 
account  by  an  English  business  man  of  what  he  saw  in  India  and  Pakistan, 
Kashmir  and  Hyderabad  before,  during,  and  after,  the  transfer.  The  account 
is  clear,  simple,  and  fascinating  and  the  judgments  of  great  interest.  The 
writer  had  gained  experience  of  Indian  political  ways  by  serving  on  the 
Bombay  Legislative  Council  before  the  war. 

In  his  daily  work,  he  travelled  to  keep  his  factories  going,  and  his 
judgment  of  the  actors  in  these  events  was  often  based  on  their  ability  to 
give  him  practical  help.  Could  his  men  be  helped  to  go  on  working?  Could 
their  products  be  moved  to  the  markets?  There  were  great  difficulties,  and 
nothing  could  be  more  reassuring  than  the  account  of  the  swift  apprecia¬ 
tion  of  the  importance  of  industry  and  the  prompt,  adequate  help  he  re¬ 
ceived.  In  those  first  days  every  one  in  new  authority  was  testing  himself; 
could  he  keep  the  machine  running?  Meanwhile  the  English  merchant  and 
industrialist  was  constantly  asking  himself:  will  they  manage  it  and  is  it 
going  to  be  worth  staying  on,  or  should  we  sell  out? 

The  tension  has  not  entirely  slackened;  and  the  epilogue  to  this  book, 
written  later,  points  the  moral  that  only  by  developing  the  arts  of  peace 
in  cooperation  with  the  western  world  will  free  Asia  remain  free.  Events 
press  hard;  and  the  best  defence  of  the  startling  speed  of  the  transfer  of 
power  may  well  be  that  it  has  given  India  and  Pakistan  time  to  steady  them¬ 
selves  before  the  future  breaks  upon  them. 


HARVESTING  THE  FRUITS  OF  SCIENCE  IN  TEXAS 


C.  C.  DOAK* 

Department  of  Biology 
A  &  M  College  of  Texas 

In  order  to  set  this  talk  in  its  proper  perspective  both  in  time  and  in 
space,  I  shall  read  a  few  lines  from  a  report  of  the  Institute  of  Civil  Engi¬ 
neers  of  London,  dated  November  2  5,  185  1  just  one  hundred  years  ago. 

"A  paper  from  Colonel  Samuel  Colt,  of  the  United  States,  cn  his  revolving 
fire-arms,  was  read  and  highly  applauded,  as  it  was  the  first  communication  received 
from  America.  The  manufacturing  of  firearms,  Colt’s  pistols  as  well  as  other  firearms, 
is  done  in  quite  a  different  manner  in  America  from  what  it  is  in  England.  In 
England  the  greatest  number  of  all  the  parts  of  a  gun  are  made  by  hand;  in  America 
they  are  made  by  machinery.  The  advantages  of  the  latter  mode  are  great,  for  the 
lock  of  one  pistol,  or  any  one  part  of  a  pistol,  will  fit  the  same  part  of  another 
like  pistol  equally  well.” 

In  this  quotation,  there  are  at  least  four  points  which  history  has 
proved  to  be  of  significance. 

One — The  statement,  "First  from  America”,  indicates  that  a  new 
center  of  scientific  research  had  already  taken  root  in  our  country  more 
than  a  hundred  years  ago. 

Two— "Done  in  a  different  manner  in  America”.  This  statement  in¬ 
dicates  that  there  had  been  a  liberation  from  the  hampering  restrictions  of 
European  tradition  and  orthodox  techniques. 

Three — "Made  by  Machinery”.  This  spark  of  genius  lighted  the  fires 
of  American  industry.  They  now  have  burned  with  increasing  brilliance 
for  a  full  century.  Machines  have  lifted  burdens  both  from  the  backs  and 
minds  of  Americans. 

Four— -The  "Advantages  of  standardization.”  The  advantages  men¬ 
tioned  in  this  statement  ultimately  produced  our  assembly  line  techniques. 
The  combination  of  freedom,  ingenuity,  and  standardization  of  machinery 
mentioned  here  gave  America  advantages  which  she  now  has  enjoyed  for 
a  hundred  years.  They  gave  Texas  an  effective  hand  weapon  which  enabled 
it  to  reap  a  harvest  of  victories  over  all  enemies.  In  doing  so,  Colt’s  pistol, 
with  notches  on  the  handle,  has  become,  after  the  Lone  Star,  perhaps  the 
second  best  known  symbol  for  our  great  state. 

This,  too,  is  no  accident.  The  weapon  of  personal  and  home  defense 
seems  to  symbolize  an  awareness  of  the  necessity  for  defending  the  cradle 
of  science  and  the  fruits  of  our  efforts  if  Texas  was  to  be  given  time  in 
which  to  grow  to  full  scientific  stature.  So,  our  assembly  lines  started  with 
small  arms,  but  now  furnish  more  effective  weapons  to  the  fighting  sons 
of  Texas;  planes  and  carriers  to  our  Nimitzes,  tanks  and  bazookas  to  our 
Eisenhowers,  jellied  gasoline  and  jet  bombers  to  our  boys  in  Korea,  atom 
bombs,  guided  missiles  and  even  biological  warfare  if  the  enemy  insists 
and  defense  demands. 

Skipping  now  a  full  half  century  during  which  blazing  guns  had  al¬ 
most  erased  the  Texas  frontier,  I  shall  read  some  reports  from  the  Scientific 
American ,  dated  1901,  just  fifty  years  ago. 

"A  site  has  been  secured  in  Washington,  D.  C.,  for  the  building  of 
the  Bureau  of  Standardization .  Two  buildings  to  be  erected  at  a  cost  of 
$2  5  0,000,  have  been  authorized.” 


*  Presidential  address  December  8,  1951. 
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The  emphasis  here  is  on  the  word,  standardization,  and  upon  the  en¬ 
couragement  of  scientific  advance  with  public  money  which  the  appropria¬ 
tion  signified.  As  may  be  seen  from  figures  quoted  later,  both  yielded  rich 
harvests  in  the  fifty  years  that  have  followed. 

Another  quotation  from  the  same  source  reads: 

"The  time  is  rapidly  approaching  when  the  nation,  through  its  repre¬ 
sentatives,  will  be  called  upon  to  decide  where  the  great  Isthmian  Canal 
shall  be  built.  The  President’s  Commission  has  done  its  work,  which  con¬ 
sisted  not  merely  in  a  thorough  survey  of  the  Nicaragua  route,  but  an 
examination  on  the  spot  of  the  Panama  scheme.” 

In  connection  with  this  excerpt,  we  should  recall  that  the  ultimate 
success  of  this  canal  building  venture  hinged  upon  an  obscure  discovery 
in  biology  having  to  do  with  the  relations  between  mosquitoes  and  disease. 
Completion  of  the  canal,  however,  gave  Texas  markets  and  Texas  ports 
advantages  which  they  would  not  have  enjoyed  but  for  a  long  chain  of 
victories.  Victory  in  the  quest  for  the  life  history  of  a  parasitic  protozoan 
shifted  the  war  from  micro-biology  to  entomology.  A  victory  in  the  war 
against  the  mosquito  made  possible  an  engineering  victory  over  the  jungles 
of  Panama.  This  in  turn  effectively  altered  the  geography  of  America  and 
placed  Texas,  and  especially  Texas  ports,  in  favored  positions  for  commerce. 

In  passing,  we  should  emphasize  this  snow-balling  nature  of  the 
mounting  benefits  of  scientific  research,  for  it  is  no  accident,  nor  is  it  out 
of  the  usual,  that  the  results  of  a  single  research  in  one  field  should  have 
ramified  effects  in  many  others  and  that  truths  once  established  yield  their 
fruits  perenially. 

Again  from  the  Scientific  American  of  1901: 

"The  award  of  the  Nobel  Prizes  has  just  been  announced  as  follows: 
physics,  Prof.  Roentgen,  of  Munich;  chemistry,  Prof,  van’t  Hoff,  of  Berlin; 
medicine,  Dr.  Behring,  of  Marburg.” 

It  is  obvious  that  fifty  years  ago  THE  centers  of  both  science  and 
medicine  were  in  Germany. 

France,  too,  was  making  significant  discoveries  in  1901.  The  follow¬ 
ing  report  on  one  of  the  first  radioactive  burns  ever  recorded  has  an 
ominous  ring  for  us,  and  I  quote,  "Mme.  Curie,  by  carrying  in  a  small 
sealed  tube  a  few  centigrammes  of  some  very  radio-active  matter,  has  had 
burns,  although  the  small  tube  was  inclosed  in  a  thin  metallic  box.  In  par¬ 
ticular,  an  exposure  of  less  than  half  an  hour  produced  at  the  end  of  fifteen 
days  a  red  spot,  resulting  in  a  blister  that  was  similar  to  a  superficial  scald.” 

Little  did  the  writer  know  that  the  "thin  metallic  box”,  like  Pandora’s 
box,  contained  evil  genii.  Fifty  years  later,  however,  we  see  the  population 
of  the  world  standing  in  a  state  of  unrelenting  fear  lest  it  be  not  blistered 
but  burned  to  a  crisp  in  lots  of  100,000  or  more.  A  "red  spot”  it  was 
indeed,  after  fifteen  days,  but  it  resulted  in  much  more  than  a  superficial 
scald  after  fifty  years.  Today,  this  mustard  seed  of  science  has  become  a 
tree  in  whose  branches  either  the  vultures  of  the  air  or  the  doves  of  peace 
may  lodge  and  build  their  nests.  The  next  fifty  years  will  reveal  what 
manner  of  fruit  will  be  harvested  from  this  radioactive  sapling.  As  a  new 
factor  in  our  human  environment,  it  places  new  demands  upon  our  indi¬ 
vidual  and  social  adjustability. 

Italy,  England,  and  Canada,  also,  were  making  their  contributions 
fifty  years  ago.  Again  I  quote  from  the  Scientific  American  of  1901: 
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'Tt  appears  to  be  pretty  generally  accepted  that  Marconi  has  succeeded 
in  sending  across  the  Atlantic,  audible  signals  from  his  wireless  telegraph 
station  in  Cornwall,  England,  to  Signal  Hill,  Newfoundland — a  distance 
of  1,800  miles.” 

We  must  admit  from  this  evidence  that  Texas,  at  the  turn  of  the  cen¬ 
tury,  had  at  her  command  a  cornucopia  of  the  fruits  of  science  already 
harvested  from  fields  beyond  her  borders.  She  had  the  space,  the  raw  ma¬ 
terials,  the  means  of  communication,  the  weapons,  the  freedom,  the  stand¬ 
ardization,  the  machinery,  and  last,  but  not  least,  she  had  the  scientific 
method. 

It  is  presumptive  for  me  to  speak  of  scientific  method  to  you,  the 
faithful  of  the  Texas  Academy  of  Science.  My  message,  I  hope,  however, 
will  reach  beyond  you  to  the  rank  and  file  of  Texans.  It  is  they  who  need 
to  know  what  and  who  scientists  are,  what  makes  them  different,  and 
what  makes  their  work  effective.  In  short,  it  is  our  people  in  the  shops  and 
on  the  farms  who  need  to  know  what  the  scientific  method  is.  So,  at  the 
risk  of  sounding  like  the  teacher  that  I  am,  I  shall  burden  you  with  my 
version  of  it. 

SCIENTIFIC  METHOD 

Texans  in  1951  are  living  in  a  scientific  age.  We  are  justly  proud  of 
its  accomplishments.  We  are  healthier,  better  informed,  live  longer,  and 
better  than  any  of  our  forebears.  We  have  crop  plants  and  animal  breeds 
that  were  unknown  in  our  fathers’  day.  We  extend  the  power  of  sight  to 
the  remotest  stars  and  the  power  of  hearing  around  our  globe.  We  forecast 
the  weather  with  confidence,  plow  without  horses,  and  see  through  dark¬ 
ness  and  fog.  Each  day  we  do  a  thousand  things  which  only  a  few  decades 
ago  would  have  caused  us  either  to  be  worshipped  as  supernatural  beings, 
in  league  with  the  gods,  or  what  is  more  likely,  killed  as  outcasts,  in  league 
with  the  devil.  The  basic  facts  that  have  made  these  wonders  possible  have 
been  discovered  one-by-one,  by  ordinary  persons  like  you  and  me.  There  is 
no  mystery  or  magic  about  science.  Its  steps  are  few  and  simple.  Their 
sequence  is  logical  and  easily  understood.  They  consist  of  nothing  more 
than  plain  common  sense  applied  to  the  everyday  things  around  us.  A  baby 
crawling  on  the  floor  spies  a  bright  object.  He  crawls  to  it,  tastes  it;  that 
is,  tests  it  by  the  only  sense  of  which  he,  at  that  age,  is  aware.  The  object 
proves  to  be  bitter.  The  baby’s  experimental  apparatus  forces  the  conclusion; 
the  thing  is  not  fit  to  eat.  A  smart  baby  follows  through  in  action  by 
sputtering  a  frowning  rejection. 

Even  monkeys  will  stack  boxes  in  order  to  reach  suspended  bananas. 
Having  reached  the  fruit  of  their  box-stacking  experiments,  they  never  let 
taboo  or  politics  prevent  their  harvesting  their  earned  rewards.  In  follow¬ 
ing  this  sequence,  they  prove  themselves  good  scientists. 

Babies,  monkeys,  men,  or  social  systems  succeed  when  they  follow 
the  simple  steps  just  outlined.  They  put  simple  questions  in  the  form  of 
experiments  that  can  be  answered  by  the  senses.  They  observe  the  reply  in 
the  form  of  results.  From  the  constancy  of  results,  they  formulate  justi¬ 
fiable  conclusions,  and  from  the  conclusions  they  follow  profitable  pro¬ 
cedures,  for  their  actions  are  based  upon  evidence. 

There  is  no  room  in  such  a  system  for  falsification  of  the  record,  no 
room  or  reason  for  fear,  no  room  for  politics,  bias,  or  prejudice.  Science 
knows  neither  race  nor  creed.  Bananas  are  as  attractive  to  African  monkeys 
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as  they  are  to  American  kinds,  and  bitter  pills  are  rejected  with  the  same 
violence  by  black,  white,  yellow,  and  brown  babies.  The  consequences  of 
science  are  the  same  for  all.  For  none  can  any  of  the  four  steps  be  safely 
omitted. 

Science  then  is  Truth,  verifiable  Truth.  The  body  of  this  truth  is 
indivisible,  international,  indestructible,  and  altogether  commendable.  It  is 
inseparably  linked  with  freedom,  and  in  more  than  one  of  the  great  re¬ 
ligions  of  the  world,  truth  has  been  linked  with  the  concept  of  the  Deity. 
More  than  one  great  nation,  including  our  own,  has  based  its  constitution 
upon  these  beliefs. 

"I  am  the  Truth.” 

"Know  the  Truth  and  the  Truth  will  make  you  free.” 

"Truth  endureth  forever.” 

"These  Truths  we  hold  to  be  self  evident.” 

"Prove  all  things  and  hold  fast  to  that  which  is  good.” 

Each  of  these  statements  should  heighten  our  respect  for  our  liberal 
religious  heritage,  for  a  liberal  government  based  upon  that  heritage,  and 
for  a  freedom  that  will  permit  testing  and  proving  all  things  and  then  hold¬ 
ing  fast  to  the  fruits  of  those  tests,  for,  indeed,  we  do  find  them  good  and 
truly  worth  defending. 

There  can  be  neither  Marxian  science  nor  American  science,  for  if 
truth  is  not  universally  applicable,  it  is  not  science.  There  are  those,  how¬ 
ever,  who  reject  the  common-sense  logic  of  the  one-two-three-four  of  the 
scientific  method.  The  sequence  (1)  Curiosity,  (2)  Experimentation,  (3) 
Conclusion,  and  (4)  Reasoned  Action,  to  many,  seem  too  complicated,  too 
sinful,  too  dangerous,  or  otherwise  too  objectionable  for  their  purposes. 
These  are  they  who  "love  darkness  rather  than  light  because  their  deeds 
are  evil”.  They  busy  themselves  erecting  curtains,  curtains  of  fear,  curtains 
of  monk’s  cloth,  curtains  of  bamboo,  and  curtains  of  iron,  whereby  they 
seek  to  block  the  benefits  of  truth  from  blighted  minds  and  blighted  areas. 
Freedom  of  speech  and  freedom  to  teach  science  thus  become  one  and  the 
same  thing.  Fie,  who  is  not  permitted  to  doubt,  is  not  free,  nor  will  he 
take  the  first  questioning  step  in  the  scientific  method.  Censorship,  cur¬ 
tains,  and  dogmas  thus  become  the  enemies  of  truth,  and  those  who  hide 
behind  them  clamber  for  the  good  things  that  modern  science  alone  can 
provide,  and  yet  they  liquidate,  assassinate,  excommunicate,  or  otherwise 
eliminate  all  who  do  not  conform.  It  makes  no  difference  by  what  name 

they  call  themselves  or  what  term  is  used  to  justify  the  murders  which 

they  commit.  They  who  have  not  learned  the  one-two-three-four  of  science 
are  either  impotent  in  a  modern  world  or  are  following  a  vicious  circle  of 
perpetuation  of  stagnation  by  assassination.  Liquidation  for  deviation  and 
execution  for  heracy  both  mean  the  same  thing.  Both  mean  that  somebody’s 
blood  is  being  shed  for  having  dared  to  take  the  first  questioning  step  in 
the  scientific  method. 

The  damage  resulting  from  obstructionism,  therefore,  is  in  proportion 
to  the  effectiveness  of  the  blockage  of  truth.  It  has  little  relation  to  what 

or  who  erected  the  barrier.  It  is  for  want  of  the  truths  of  science  that 

people  perish.  They  hunger  even  when  food  is  at  hand,  for  taboo  says  un¬ 
clean.  They  thirst  with  water  just  beneath  their  feet,  for  the  science  of 
drilling  is  beyond  their  training  and  capacities.  They  remain  in  ignorance 
with  enlightening  information  at  hand,  for  its  rays  never  reach  their 
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shielded  brains.  They  are  poor  and  fumbling  in  the  midst  of  the  world’s 
greatest  riches,  as,  at  present,  in  the  oil  fields  of  the  Near  East,  for  refin¬ 
ing  techniques  are  beyond  them.  They  die  young  of  diseases  for  which 
science  has  long  held  easy  cures.  In  fits  of  fanaticism  for  orthodoxy  in  the 
very  teachings  that  blocked  their  source  of  light  in  the  first  place,  they 
often  revolt  against  their  scientifically  trained  and  progressive  rulers.  They 
repudiate  verified  truth,  stone  their  prophets,  crucify  their  Christs,  poison 
their  Socrates,  shoot  their  Gandhis,  liquidate  the  questioning  middle  cb.ss, 
and  send  all  who  cannot  conform  to  some  vague  dogma  to  a  Siberian  prison 
camp.  They  expel  and  assassinate  all  who  seek  to  lead  in  the  only  direction 
that  can  bring  relief  from  their  miseries.  This  foolishness  leads  back  to  the 
very  curse  and  the  very  techniques  that  kept  the  dark  ages  dark  for  a 
thousand  years.  Against  that  curse,  teaching  is  a  more  effective  weapon 
than  bullets.  The  world’s  peoples  must  learn  about  science  and  of  what  it 
can  do  toward  healing  the  sick,  feeding  the  hungry,  and  housing  the  home¬ 
less. 

May  I  repeat,  nations,  as  men,  succeed  as  they  follow  the  sequence; 
doubt  and  question;  observe  and  experiment;  weigh  and  evaluate;  then 
conclude;  and  then  act  fearlessly,  shaping  behaviors  in  conformity  with  the 
best  available  knowledge.  The  teachers  of  science  should  never  permit  the 
people  to  forget  that  change,  adjustment,  adaptation,  and  constant  improve¬ 
ment  point  the  ways  of  life.  Life  and  civilization  are  both  dynamic.  The 
peoples  of  the  world  must  learn  that  fixism  means  stagnation  and  death 
and  that  rather  than  impose  an  additional  curtain  of  Marxian  dogma,  the 
crying  need  is  for  a  lifting  of  the  old  curtains  that  have  already  blighted 
them  for  too  long.  The  light  of  truth  needs  to  shine  in  shielded  dark 
corners. 

DEMOCRACY  IS  SCIENTIFIC 

No  totalitarian  fixism  can  be  scientific,  for  sooner  or  later  its  think¬ 
ers  will  be  eliminated  either  for  deviationism  or  for  heracy.  A  democracy 
in  which  there  is  freedom  to  question,  freedom  to  speak  and  teach  and  an 
opportunity  for  an  enlightened  citizenry  to  exercise  a  free  ballot  is  the 
world’s  closest  approximation  to  a  scientifically  patterned  political  system. 
It  is  no  small  part  of  the  responsibility  of  this  academy  to  teach  these 
fundamental  facts,  for  it  is  imperative  for  our  individual  and  collective 
safety  that  the  lesson  reach  more  than  half  the  world’s  population  before 
its  headlong  march  can  drag  us  back  to  the  dark  ages. 

The  reasons  why  the  last  step  in  science  (reasoned  action)  is  the  most 
difficult  are  based  on  love  of  tradition  and  inertia  to  change.  The  old  treat¬ 
ment  or  the  old  techniques  must  be  abandoned  if  the  new  is  to  have  a 
place.  Cherished  beliefs  and  customs  must  be  altered  if  stagnation  is  not  to 
result.  Obsolete  weapons  must  be  discarded,  else  scientists  labor  to  no 
purpose.  Tibet  has  furnished  us  an  example  of  what  happens  to  a  change¬ 
less  people. 

Economically  and  even  politically,  those  with  vested  interests  in  the 
old  way  often  react  violently  against  possible  change.  They  attempt  to 
stop  information  somewhere  between  the  facts  and  the  logical  action  based 
upon  those  facts.  It  can  be  a  commisar  who  wants  no  deviation  from 
Marxian  dogmas.  It  can  be  an  industrialist  with  a  heavy  investment  in  a 
new  plant  threatened  with  obsolescence.  He  might  freeze  a  model,  suppress 
a  patent  or  otherwise  block  step  four.  A  politician  might  either  attempt 
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a  moratorium  on  science,  or  even  try  to  prevent  unfavorable  facts  from 
reaching  the  voters.  Even  a  church  might  attempt  to  suppress  a  Galileoan’s 
truth.  Thus  we  see  at  many  places  over  the  world,  along  our  borders,  and 
even  some  within  our  borders,  where  the  benefits  of  science  have  not  yet 
penetrated  because  they  are  not  permittd  to  do  so.  Obstructionism  is  the 
greatest  of  the  sins  against  science,  for  behave  we  must  and  if  facts  are 
denied  us,  our  days  are  full  of  fumbling  errors.  The  blind  lead  the  blind 
into  a  curtained  segment  of  a  deep  dark  ditch  commonly  called  a  grave. 

TEXAS  FREE,  BUT  NOT  PERFECT 

As  long  as  a  part  of  the  world  is  free  to  question,  free  to  discover, 
and,  having  discovered,  free  to  teach  and  to  use,  so  long  is  there  hope  for 
the  rest  of  the  world.  I  am  thankful  each  day  that  Texas  falls  within  that 
sphere.  No  price  is  too  great  to  pay  to  prevent  the  curtains  of  darkness  and 
fear  from  being  drawn  about  it.  As  long  as  Texas  remains  free,  the  sweet 
harvest  of  truth  will  continue  to  mount  as  the  body  of  facts  grows  with 
each  new  research. 

Even  though  free,  we  are  not  perfect.  For  example,  the  facts  in  the 
life  history  of  the  hookworm  have  been  known  for  three  generations,  and 
yet  there  are  counties  in  Texas  where  the  people  are  still  infcted  with  this 
debilitating  parasite.  These  people  continue  to  harvest  the  bitter  pill  of  their 
own  backwardness.  Where  is  the  blockage?  Education  is  needed  in  order 
to  penetrate  the  curtain  of  ignorance  that  surrounds  them.  Action  for  the 
elimination  of  hookworm  is  needed.  In  this  case,  the  action  can  be  as  simple 
as  putting  on  shoes.  Effective  eradication  is  closely  related,  however,  to 
economics  and  to  other  factors.  The  development  of  oil  resources,  paper 
mills,  and  a  diversified  agriculture  in  the  hookworm  belt  of  Texas  is  mak¬ 
ing  it  possible  for  laborers  not  only  to  have  shoes  but  sanitary  toilets  and 
competent  physicians,  either  of  which  will  break  the  life  cycle  of  the  hook¬ 
worm.  Thus  through  a  social  uplift  resulting  from  improved  economic  con¬ 
ditions  brought  about  by  researches  in  petro-chemistry  and  paper  manufac¬ 
ture,  more  has  been  accomplished  in  a  round-about  way  in  ten  years  than 
biologists  had  accomplished  in  thirty  years  of  the  direct  approach.  Thus  it 
may  be  seen  that  such  varied  fruits  of  science,  as  knowledge,  prosperity,  and 
health  are  packaged  together. 

BUILDINGS  SYMBOLIC 

A  symbol  of  the  changing  picture  in  Texas  can  be  had  by  examining 
her  long  list  of  new  science  buildings.  Year  before  last,  at  Rice  Institute, 
the  Academy  met  in  a  great  new  library.  Last  year  at  S.M.U.,  we  were  in 
the  magnificent  Fondren  Hall  of  Science.  Today’s  magnificent  meeting 
place  leaves  us  breathless.  The  Academy  has  already  been  invited  to  more 
than  one  housewarming  for  1952.  Fine  new  science  buildings  may  also  be 
seen  at  A.  and  M.,  T.C.U.,  and  at  a  score  of  other  places.  The  buildings 
are  but  a  field  within  which  the  real  harvest  of  young  scientists  will  be 
trained  and  within  those  walls  a  mass  of  new  truths  will  be  discovered. 
These  fruits  stem  from  many  sources.  Some  come  from  the  wisdom  of  our 
fathers  who  set  aside  rich  oil  lands  for  state  use;  some  come  from  such 
gracious  friends  of  science  as  the  Fondrens,  the  Cullens,  the  Hardins,  and 
many  others.  Many  of  them  have  come  from  the  tithes  of  faithful  Christian 
people  who  find  no  quarrel  with  truths,  be  they  of  the  verifiable  variety  of 
science  or  only  matters  of  faith  and  spirit. 
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DELAY  is  costly 

The  rich  fields  of  Flanders  abound  in  soil  bacteria.  These,  when  im¬ 
bedded  in  wounds,  produce  the  deadly  infection  which  causes  gas  gangrene, 
one  of  the  worst  of  many  killers  of  World  War  I.  How  rich  would  have 
been  the  harvest  had  it  been  possible  to  speed  the  discovery  of  the  sulpha 
drugs  and  the  antibiotics  by  one  generation.  We  have  been  commanded  to 
"heal  the  sick”.  What  better  way  than  to  do  the  researches  that  lead  to 
conquering  infections  or  to  the  banishing  forever  of  some  dread  disease? 

CROPS 

The  time  was  when  Texas  corn  was  notorious  for  its  low  yield,  but 
despite  the  drought  of  1951,  the  prize  winning  acres  yielded  165  bushels. 
One-hundred  bushel  yields  were  common.  The  fact  that  the  great  boon 
whereby  geneticists  could  take  advantage  of  the  phenomenon  known  as 
hybrid  vigor  to  increase  yields  of  corn  as  much  as  25%  was  fully  under¬ 
stood  for  two  decades  before  conservative  Texans  could  or  did  make  ex¬ 
tensive  use  of  it.  The  net  result  was  a  loss  of  one-fourth  of  our  potential 
crop  for  all  those  years.  What  a  price  to  pay  for  blockage  of  truth  between 
the  conclusion  and  the  application. 

I  visited  two  fields  this  fall  with  but  a  fence  between.  One  farmer 
said  he  could  not  afford  hybrid  seed;  the  other  said  he  couldn’t  afford  not 
to  plant  it.  The  first  farmer  could  not  afford  fertilizer;  the  other  could 
not  afford  to  see  his  crop  fail  for  want  of  fertilizer  so  used  a  side  dressing. 
At  harvest  time,  the  first  farmer  had  nothing;  the  second  had  60  bushels 
of  good  corn  to  the  acre.  Next  year  the  bankrupt  farmer  will  still  be 
bankrupt,  and  the  story  will  likely  repeat  itself.  In  Texas  today,  the 
curses  of  ignorance  and  poverty  are  not  only  kin,  they  are  identical  twins. 
A  few  ignorant  die-hards  are  still  sitting  on  the  top  box  with  arms  folded, 
"cussin’  the  government”  and  mumbling  something  that  sounds  like,  "good 
enough  for  father,  good  enough  for  me”,  and  still  contending  that  hybrid 
corn  has  nothing  to  recommend  it.  It  is  my  candid  opinion  that  the  time 
lag  between  the  establishment  of  facts  and  their  utilization  is  a  true  meas¬ 
ure  of  a  people’s  position.  A  year’s  delay  in  the  use  of  hybrid  corn  is  a 
costly  tribute  to  lethargy,  but  is  no  tragedy,  but  an  hour’s  delay  in  the 
use  of  penicillin  may  be  fatal. 

No  man  nor  group  of  men  can  afford  to  do  less,  therefore,  than  to 
make  full  and  immediate  use  of  the  truths  revealed  through  research,  for 
to  do  so  gives  him  better  tools,  better  techniques,  better  weapons,  better 
treatments,  and  better  harvests.  They  enhance  one’s  chances  of  victory  both 
in  peace  and  war  and  improve  and  prolong  life. 

Hidden  behind  each  new  advance,  there  is  either  a  scientist  with  his 
experiment  or  what  is  more  likely,  a  score  of  them.  Some  years  ago,  Texas 
agronomists  began  to  work  with  grain  sorghums.  They  fixed  the  genes  for 
height  and  thereby  made  machine  harvesting  possible.  They  bred  for  disease 
resistance  and  drought  resistance  and  thereby  extended  the  range  of  this 
plant  to  the  Gulf  Coast  and  to  dry  areas.  They  took  advantage  of  hybrid 
vigor  and  increased  the  yield.  Other  scientists  perfected  the  machinery  for 
clearing  the  ground,  harvesting,  drying,  cultivating,  processing,  and  blend¬ 
ing  the  crop  into  feeds.  Soon  from  the  cumulative  efforts  of  hundreds  of 
workers,  Texas  had  a  crop  like  the  world  had  never  seen  before.  It  can  be 


428 


The  Texas  Journal  of  Science 


1952,  No.  4 
December  30 


expected  to  add  its  riches  to  the  pockets  of  the  growers,  handlers,  imple¬ 
ment  manufacturers,  processors,  and  tax  gatherers  as  long  as  Texas  has  an 
agriculture. 

A  process  of  refining  sulphurous  crudes  was  worked  out  and  what 
had  been  a  waste  became  new  industrial  potential  both  in  oil  and  sulphur. 
A  technique  for  mining  sulphur  with  hot  water  was  invented,  and  Texas 
sprang  to  the  forefront  as  a  producer  of  this  essential  element.  A  method 
of  removing  magnesium  from  sea  water  brought  a  factory  of  unbelievable 
size.  Improved  techniques  for  utilizing  soft  coal  now  follows  through  by 
bringing  a  multi-million  dollar  aluminum  plant.  The  seismograph  and  the 
torsion  balance,  each  in  its  turn,  furnished  an  essential  new  tool  whose  use¬ 
fulness  was  soon  reflected  in  a  score  of  new  oil  fields  that  enriched  land  own¬ 
ers,  lease  holders,  and  producers.  The  prospecting  companies  that  were  re¬ 
luctant  to  use  the  new  devices  were  like  the  farmer  who  failed  to  plant 
hybrid  corn.  Both  are  bankrupt. 

PAPER  AND  PINES 

The  researches  leading  to  the  sulphite  process  of  making  paper  from 
pine  pulp  can  be  thanked  for  new  industries  and  for  new  markets  for  pine 
tops  and  forest  thinnings.  These  have  made  a  difference  in  the  grower’s  re¬ 
action  to  forest  protection  and  harvesting  methods.  They  have  set  the 
course  in  forest  development  toward  practices  that  will  give  permanence, 
both  to  the  lumber  and  to  the  paper  industries,  a  permanence  that  lumber 
alone  might  not  have  developed.  With  a  promise  of  permanence,  the  Texas 
Forest  Service  now  moves  ahead  with  plans  for  a  long  term  breeding  project 
designed  to  promote  the  genetic  improvement  of  Texas  pines.  Although 
time  will  be  required,  there  is  little  doubt  that,  like  other  researches,  these 
will  yield  precious  fruit. 

GAS  AND  CHEMICALS 

Who  does  not  remember  the  thousands  of  wasteful  gas  flares  which 
so  recently  flickered  over  our  landscape?  With  the  knowledge  of  how  to 
utilize  this  material,  there  has  come  to  Texas  for  19  51  through  1953  an 
expansion  program  for  the  petroleum  and  petro-chemical  industries  costing 
well  over  a  third  of  a  billion  dollars.  Relatively  a  new  comer,  the  petro¬ 
chemical  industry  is  now  a  billion  dollar  industry,  and  the  end  is  not  yet 
in  sight.  Ethyl  Corporation’s  $44,000,000  chemical  plant  at  Houston,  Dow 
Chemical’s  $3  0,000,000  addition  at  Freeport,  Pure  Oil’s  $11,000,000  plant 
at  Nederland  will  serve  to  show  which  way  the  winds  blows.  These  are  but 
a  few  which  will  start  the  petro-chemicals  toward  their  second  billion.  Please 
take  note  of  how  these  figures  dwarf  the  $2  50,000  appropriation  for  estab¬ 
lishing  the  Bureau  of  Standards  just  fifty  years  ago.  Approximately  80% 
of  all  the  chemical  plants  built  in  the  nation  since  1940  have  been  erected 
along  the  Gulf  Coast  of  Texas.  Thanks  to  free  men  with  questioning  minds 
and  test  tubes,  the  trillions  of  feet  of  natural  gas  once  wasted  are  now  pro¬ 
cessed  to  yield  approximately  4,500  useful  products,  including  synthetic 
rubber,  plastics,  medicines,  cosmetics,  insecticides,  and  munitions  of  war. 

Texas  oil  played  no  small  part  in  winning  World  War  IT.  May  the 
Lord  help  further  trouble  makers,  for  they  will  have  to  contend  with  our 
gas  in  addition. 
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REFINERIES  AND  PIPELINES 

Oil  refineries  and  their  life  lines  of  pipe  are  sprouting  over  Texas  like 
Johnson  grass  in  rich  ground.  No  one  knows  what  their  dollar  value  is,  but 
the  Dallas  News  credits  a  Mid-Continent’s  expert  with  an  estimate  of 
$371,000,000.  Still  on  the  boards  is  a  $4,000,000  Gillmore  refinery  slated 
for  Odessa.  Gulf  has  one  for  $15,000,000  and  another  for  $18,000,000  for 
Corpus  Christi.  Pure  has  a  $27,000,000  expansion  for  Houston.  One  could 
go  on  and  on  enumerating  until  his  listeners  become  dizzy,  but  these 
samples  will  serve  our  purpose.  It  is  apparent  to  the  most  skeptical  that 
step  one,  the  wondering  and  questioning  stage,  is  behind  us.  The  experi¬ 
mentation,  too,  has  been  done;  the  industrialists  have  concluded  that  profits 
are  to  be  made  in  Texas.  The  boxes  are  stacked,  and  the  rich  fruits  of 
science,  like  golden  bunches  of  bananas,  are  within  the  grasp  of  "old  man 
Texas”.  Step  four,  the  harvest,  is  but  a  matter  of  time. 

LIVESTOCK 

Improvements  in  the  livestock  and  grazing  industries  are  almost  as 
spectacular  as  those  in  oil,  gas,  and  chemicals.  Everywhere  science  leads 
with  new  discoveries.  New  genetic  strains  of  grasses  and  legumes  are  intro¬ 
duced,  and  the  carrying  capacities  of  our  pastures  leap  forward.  The  im¬ 
portance  of  the  addition  of  antibiotics  to  rations  is  demonstrated,  and  the 
amount  of  pork,  turkey,  and  chicken  produced  from  a  given  poundage  of 
feed  is  up  by  a  substantial  percentage. 

Known  genetic  principles  are  applied  to  poultry,  and  Texas  feeding 
pens  are  graced  with  Hyline  chickens  with  their  new  egg-laying  records. 
The  same  principles  are  applied  to  cattle,  and  Santa  Gertrudis  steers  with 
new  records  for  gains  appear  in  our  pastures. 

An  experimenter  improves  a  brush  eradicating  herbicide  or  a  dozing 
machine,  and  the  net  result  is  the  addition  of  thousands  of  acres  to  Texas’ 
grazing  lands. 

The  days  when  scrub  cattle  were  not  considered  worth  having  unless 
they  could  rustle  for  themselves  through  a  hard  winter  are  gone.  No  longer 
does  a  calf  roping  cow-puncher  drag  his  bawling  catch  to  the  branding 
fire  where  it  will  later  be  released  with  bruised  flesh,  burned  hide,  and 
broken  bones.  The  animal  industry  has  gone  scientific,  and  with  the  change 
have  gone  many  protesting  cowboys  of  earlier  days,  more  or  less  willing, 
because  changed  conditions  as  they  say  have  reduced  them  to  the  status 
of  "nurse-maids  to  a  lot  of  pampered  milkpen  calves”.  Soon  both  they  and 
their  notched  pistols  will  be  quiet  forever,  and  old  man  Texas  will  have 
exchanged  his  chaps  for  a  laboratory  apron  of  the  scientific  age.  May  God 
and  science  speed  the  day. 

PROGRESS  ELSEWHERE 

Similar  progress  may  be  noted  everywhere.  Aluminum  factories,  air¬ 
plane  factories,  landing  fields,  army  camps,  new  dams,  whole  counties  of 
irrigated  lands,  new  universities  and  colleges,  new  hospitals  and  medical 
centers  may  be  seen  on  every  hand.  This  is  not  to  mention  parks,  speed¬ 
ways,  museums,  libraries,  and  other  aids  to  science.  For  the  most  part,  even 
the  aids  represent  the  fruits  of  science  for  they  have  been  built  from  the 
profits  of  laboratories  of  earlier  days. 
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Like  a  snowball  rolling  downhill,  advancing  science  grows  apace.  The 
libararies,  laboratories,  schools,  and  successful  business  ventures  cannot  help 
but  inspire  future  generations  of  Texans  to  continue  "ploughing  back” 
into  the  field  of  science  the  money  which  will  nourish  science  at  its  source. 
Our  schools,  laboratories,  and  research  foundations  are  the  fountainheads  of 
our  progress. 

These  things  cannot  fail  to  effect  favorably  the  Texas  Academy  of 
Science  with  its  roots  directly  or  indirectly  in  every  school  and  every  in¬ 
dustry  in  this  great  state. 

The  Junior  Academy  reaches  out  into  the  high  schools  and  there  en¬ 
rolls  bright  young  people  and  affiliates  their  science  clubs  into  the  great 
forward  movement  of  science  in  Texas.  What  a  marvelous  piece  of  good 
work  they  and  their  sponsors  are  doing,  and  what  an  opportunity  for  philan¬ 
thropists  to  sponsor  this  movement  in  their  communities.  Despite  the  bil¬ 
lions  invested  in  other  resources,  our  talented  youth  is  our  greatest  asset. 
None  who  heard  the  papers  given  by  these  youngsters  at  these  meetings 
can  doubt  that  the  Academy  is  having  an  important  part  in  developing 
that  most  precious  resource. 

The  Collegiates,  too,  have  given  at  these  meetings  a  performance  that 
not  only  inspires,  but  assures  all  Texans  that  a  smooth  change  from  chaps 
of  the  frontier  state  to  the  laboratory  apron  of  a  scientific  commonwealth 
will  continue,  and  with  increased  acceleration. 


Birds  as  Individuals.  Len  Howard.  With  a  Foreword  by  Julian  Huxley.  Illustrated  with 
photographs  by  Eric  Hosking.  Collins.  10s.  6d. 

In  his  foreword  Dr.  Julian  Huxley  suggests  that  this  is  an  unusual  book 
and  that  not  all  professional  biologists  will  accept  the  writer’s  conclusions. 
The  book  certainly  is  unusual,  but  it  is  completely  fascinating  and  it  is  a 
unique  and  valuable  contribution  to  the  literature  on  bird  behavior.  Miss 
Howard  obviously  has  the  ornithological  equivalent  of  "green  fingers”  and 
she  enjoys  the  confidence  of  large  numbers  and  varieties  of  birds  to  an  almost 
incredible  degree.  A  fine  series  of  photographs  especially  taken  by  Mr.  Eric 
Hosking  make  this  fact  abundantly  clear,  for  the  great  tits  are  portrayed 
taking  the  most  astonishing  liberties  about  the  house.  One  learns  that  Miss 
Howard  lived  at  Bird  Cottage;  so  did  the  birds,  and  the  relationship  could 
almost  be  described  as  symbiotic.  It  is  with  relief  that  a  reader  discovers, 
more  than  half-way  through  the  book,  that  most  if  not  all  of  the  birds 
agreed  to  become  housetrained  and  they  placed  their  droppings  on  pieces 
of  newspaper  spread  for  the  purpose. 
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The  serious  student  of  bird  behaviour — and  indeed  of  animal  behaviour 
generally— -should  read  carefully  what  Miss  Howard  records.  One  of  the 
most  striking  points  that  emerges  is  the  great  variation  within  the  species, 
and  this  makes  it  clear  that  detailed  records  on  minute  behaviour  may  be 
very  wide  of  the  mark  if  based  on  only  one  or  two  individuals.  In  this  case 
the  observer  lived  on  such  terms  of  intimacy  that  she  was  an  integral  part 
of  the  birds’  habitat;  it  could  almost  be  said  that  she  was  the  host  on  which 
many  birds  were  semi-parasitic,  though  this  relationship  was  in  fact  obviously 
mutual  and  benevolent.  Miss  Howard’s  observations  are  first-class;  they  are 
clear  and  have  obviously  been  made  on  the  spot,  so  that  they  must  be  ac¬ 
cepted.  It  is  when  she  tries  to  interpret  her  observations  that  most  biologists 
will  begin  to  get  restless.  She  suggests  several  times  that  she  is  trying  to  avoid 
being  anthropomorphic  but  the  pages  are  full  of  such  reasoning.  A  few 
quotations  will  illustrate  this:  "By  deserting  him  young  Baldhead  seemed  to 
consider  that  Fatty  (another  great  tit)  had  forfeited  his  right  to  return  to 
his  nesting  site.”  "I  saw  the  light  of  contentment  in  her  eyes.”  Writing  of 
a  baby  fly-catcher  she  says:  "Its  sensitive  face  even  more  expressive  of 
changing  emotions  than  the  baby  chaffinch’s,”  and  "The  terrified  distortions 
of  its  face  in  the  effort  to  overcome  fear.”  Perhaps  the  truth  of  the  matter 
is  that  Miss  Howard  is  so  much  a  part  of  the  community  she  is  studying 
that  she  cannot  possibly  be  objective.  It  would  have  been  interesting  to  have 
a  chapter  by  Mr.  Eric  Hosking  writing  as  an  outside  and  dispassionate 
observer. 

The  fact  that  Miss  Howard  is  a  trained  musician  enhances  the  value 
of  the  second  part  of  the  work,  which  is  devoted  to  bird  song.  Her  analysis 
of  the  performance  of  the  important  British  song-birds  is  particularly  in¬ 
teresting,  though  here  again  human  emotion  plays  a  large  part  in  interpreting 
her  observations.  Writing  of  two  blackbirds,  she  says:  "I  feel  sure  he  is  tak¬ 
ing  a  lesson  from  the  older  bird’s  singing.  There  is  an  air  of  deep  content 
and  absorption  on  the  faces  of  both  birds.” 

Miss  Howard  records  some  occurrences  which  can  hardly  be  interpreted 
as  revealing  anything  other  than  an  ability  to  teach  and  to  learn,  and  it 
may  well  be  that  former  ideas  of  a  bird’s  intelligence  need  drastic  revision. 
There  is  indeed  something  quite  uncanny  about  her  ability  to  charm  birds- — - 
birds  which  later  recognize  her  two  fields  away  and  learn  to  forecast  her 
movements  correctly — and  her  description  of  this  phenomenon  is  likely  to 
start  a  lot  of  arguments. 
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FIG.  1.  Maya  seacoast  village  fishing  scene,  from  the  Temple  of  the  Warriors,  Chichen  Itza,  Yucatan.  Note  fish  in  shed  in 
middle.  Round  fish  at  lower  left  is  probably  Urobatis.  An  olive  shell,  under  stem  of  left  hand  boat,  is  easily 
recognizable,  as  are  three  cat's-eyes.  The  beaked  fish  may  be  a  Balao,  or  perhaps  a  salt-water  gar.  The  crabs  are  not  so 
good.  The  canoes  are  dugouts.  From  a  reconstruction,  Carnegie  Institute  of  Washington. 


U.  S.  Bur.  Fish. 


FIG.  2.  Manatees,  especially  prized  for  their  fat,  were  harpooned  by  the  Maya. 


THE  MARINE  FISHERIES  OF  THE  MAYAS 
as  given  in  Diego  de  Landa’s 
“RELACION  DE  LAS  COSAS  DE  YUCATAN” 
with  notes  on 

THE  PROBABLE  IDENTIFICATION  OF  FISHES 

J.  L.  BAUGHMAN 
Texas  Game  and  Fish  Commission 

INTRODUCTION 

Recently,  while  consulting  Tozzer’s  (1941)  translation  of  de  Landa’s 
"Relacion  de  Las  Cosas  de  Yucatan”,  the  writer  became  interested  in  the 
account  of  the  fisheries  of  the  Mayas,  and  in  the  probable  identification 
of  the  fishes  mentioned  in  the  text.  One  thing  led  to  another,  and  before 
long  a  mass  of  information  began  to  accumulate,  most  of  which  is  tabu¬ 
lated  in  the  following  paper,  which  I  hope  will  be  of  some  use  to  both 
ichthyologists  and  students  of  the  Mayas. 
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THE  FISHERIES 

Living  along  a  coast  whose  tropical  waters  teem  with  an  inexhaustible 
variety  of  fish,  and  inhabiting  a  land  whose  every  cenote,  river,  and  lake 
form  the  home  of  some  member  of  the  finny  tribe,  the  Mayas  drew  a  good 
deal  of  their  sustenance  from  these  sources  and  with  them,  as  with  most 
primitive  people,  the  natural  resources  of  their  land  were  often  personified 
by  gods,  to  whom  sacrifices  were  made  and  prayers  addressed.  De  Landa 
mentions  three,  Ah  Kak  Nexoi,  Ah  Pua,  and  Ah  Cit  Dzamal  Cum,  who  acted 
as  mediators  for  the  Mayan  fishermen,  when  in  the  month  of  Zip,  on  the 
day  following  the  festival  of  the  hunters,  the  fishermen  celebrated  theirs. 
The  Chacs,  or  priests  representing  the  rain  gods,  anointed  the  fishing  im¬ 
plements  with  blue  bitumen,  while  the  fishermen  cut  their  ears  around  the 
edges,  as  an  act  of  sacrifice,  and  danced  a  dance  called  Chohom. 

The  fishes  were  evidently  used  as  offerings  also,  for  in  the  Dresden 
Codex  such  scenes  are  shown  in  figures  27b  and  29b.  Fish  are  held  by  god 
B  in  44a,  and  are  shown  between  two  gods  in  44c  (Tozzer,  1941).  More¬ 
over,  fish  was  one  of  the  offerings  made  to  Bolon  Dzacah,  who  was  associ¬ 
ated  with  the  rain  gods  or  Chacs. 

Once  the  sacrifices  were  made,  and  the  Chohom  danced,  "they  blessed 
a  tall  and  thick  pole  and  set  it  upright”,  concluding  the  ceremonies. 

However,  when  the  festival  was  ended  in  the  towns,  the  lords  were 
accustomed  to  go  to  celebrate  it  on  the  shore,  in  company  with  many  of 
their  people,  and  they  caught  great  numbers  of  fish,  with  rejoicing. 

Methods  were  substantially  the  same  as  those  used  elsewhere.  Many 
fish  were  picked  up  from  tide  pools,  others  were  caught  with  trammel  nets 
and  on  hook  and  line,  the  hooks  sometimes  being  made  of  gold  (Thompson, 
1933).  Dugout  canoes  (Fig.  1)  were  used,  especially  in  the  Laguna  de  los 
Terminos  (Joyce,  1914)  where  Roys  (1943)  says:  "The  fish  in  the  lagoon 
were  not  large,  but  plentiful  and  good;  people  who  did  not  have  boats  and 
nets  shot  them  with  arrows  in  the  shallows.  On  the  east  coast,  Juan  Diaz  ob¬ 
served  that  the  mouth  of  the  small  openings  were  surrounded  by  piling, 
which  he  believed  to  be  a  weir"';  and  the  wicker-work  fish  pots  adapted  to 
the  cenotes  no  doubt  also  saw  service  in  the  lagoons  of  the  coast.  Deepsea 
fishing  was  an  important  industry;  sweep  nets  and  drag  nets,  hooks  and 
lines,  yielded  to  the  coast  dwellers  the  fish  for  which  Yucatecan  waters  are 
still  famous”  (Vienna  dictionary). 

Bancroft  (1883  )  quotes  Oviedo  to  the  effect  that  the  peoples  of  Nica¬ 
ragua  took  fish  from  ocean  and  river  by  means  of  rods,  lines,  and  flies, 
also  in  cotton  nets,  and  by  pens  and  embankments  in  tidal  waters.  Beltran 
(  18  59)  says  that  the  manatee  (Fig.  2),  which  was  especially  prized  for  its 
fat,  was  harpooned  all  along  the  coast,  particularly  in  the  region  north  of 
Campeche,  a  statement  confirmed  by  de  Landa. 

Another  form  of  fishing  probably  practiced  by  the  Maya  is  one  that 
is  used  by  many  of  the  primitive  peoples  of  the  world,  tribes  in  Africa, 
the  South  Seas  and  North,  Central,  and  South  America  all  prosecuting  their 
fishery  by  the  use  of  a  poison,  generally  procured  from  some  leguminous 
plant. 

The  Nicaraguans  were  said  to  have  a  plant  haygua,  a  decoction  of 
which,  when  put  into  the  water,  brought  the  fish  senseless  to  the  surface 


*  Today,  in  the  Tamiahua  Lagoon,  Huastecan  Indians  employ  weirs  to  trap  shrimp. 
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(Bancroft,  18  83  ).  Williams  (1852)  stated  that  the  people  on  the  isthmus 
of  Tehuantepec  utilized  the  sap  of  a  vine  Sapindus  saponario  to  stupefy  fish. 

Gann  (1929)  mentions  a  tribe  of  Indians  related  to  the  Maya,  which 
still  lives  in  southern  British  Honduras.  Known  as  the  Machachas,  after  a 
fish  which  abounds  in  the  rivers  and  streams  of  their  territory,  they  use 
berries  of  a  liana  called  pixbicabam  as  bait,  not  poison.  They  also  use  sap 
from  a  tree  known  as  chalam  to  poison  the  water  and  temporarily  paralyze 
the  fish.  Blom  (1936)  has  seen  similar  poison  used  by  the  present-day  Maya. 

All  in  all,  though  there  seem  to  be  no  positive  records  of  the  use  of 
poison  in  de  Landa’s  day,  there  is  little  reason  to  doubt  that  such  a  method 
of  fishing  did  exist.  Certainly  the  materials  for  it  were  there.  Lonchocarpus 
hintoni  is  found  in  various  parts  of  Mexico,  as  are  L.  roseus,  L.  eriocarinalis , 
L.  eriophylis,  L.  guatamalensis  and  L.  violaceous.  Each  of  these  produces,  in 
some  amount,  rotenone,  which  is  the  active  element  and  extremely  lethal 
to  fish.  Sapindus  saponaria  is  mentioned  by  Tozzer  (p.  197,  note  1060),  and 
de  Landa  says  that  the  Mayans  made  an  intoxicating  drink  called  balche 
from  a  plant  which  has  been  identified  as  Lonchicarpus  longistylus .  A  species 
of  Ficus  is  used  by  present-day  Huastecan  Indians  for  this  purpose,  around 
the  Tamiahua  Lagoon. 

Wealthy  and  important  people  employed  slaves  in  their  fishing  indus¬ 
try.  Tozzer  (1941)  quotes  a  passage  in  the  Calkini  Chronicle  (Gates,  193  5) 
saying:  "At  Hinal  was  also  the  sea  of  Ah  Canuls.  There  were  the  boats  of 
the  Ah  Kin  Canid,  there  were  four  of  them,  for  his  slaves  to  fish”. 

Over  the  slaves,  and  for  that  matter,  over  the  free  men  too,  was  a 
major  domo,  or  caluac,  whose  duty  it  was  to  keep  account  with  the  towns 
and  with  those  who  ruled  them;  "and  to  them  was  sent  notice  of  what  was 
needed  in  the  house  of  their  lord,  such  as  birds,  maize,  honey,  salt,  fish  and 
game”. 

Fisheries  were  on  a  large  scale,  especially  in  the  salt  lagoons  of  the  coast. 
Fishermen  caught  enough  fish  to  sell  to  inland  markets.  Some  they  salted, 
others  they  "roasted”  (probably  smoked)  and  others  they  dried  in  the  sun 
without  salt,  taking  into  account  the  method  each  kind  of  fish  required. 
The  roasted,  or  smoked  fish  was  sometimes  carried  twenty  or  thirty  leagues 
and  sold  or  traded  for  other  products  of  the  country. 

THE  FISHES* 

De  Landa  says,  of  fishes  commonly  used  as  food:  "The  fish  which 
they  kill  and  which  are  found  on  that  coast  are  very  excellent  and  very 
fat  skates1,  trout2,  equal  (to  ours?)  in  color,  spots  and  flavor,  and  they  are 
fatter  and  delicious  to  eat  and  are  called  in  their  language  utz  cai,  very  good 
haddock3,  sardines4,  and  with  them  come  soles6,  sawfish6,  horse  mackerel7, 
tunny  fish8,  and  infinite  varieties  of  other  small  fish9;  there  are  very  good 
cuttle  fish10  on  the  coast  of  Campeche;  and  three  or  four  kinds  of  pike11, 
very  good  and  very  wholesome  and  especially  some12  which  are  wonderfully 
wholesome  and  very  different  in  their  heads  from  the  others,  for  they  have 
round  heads  and  very  flat  ones,  enough  to  surprise  one  and  they  have  their 
mouth  in  the  part  inside,  and  their  eyes  at  the  edge  of  the  round  part.  These 
are  called  alipechpol.  They  kill  some  very  large  fish13,  which  look  like  devil 
fish,  and  they  cut  in  pieces  and  put  in  salt.  It  dies  on  the  shore  in  the 
neighborhood  and  is  a  very  good  thing.  I  do  not  know  whether  this  is  a 
ray  fish14  .  .  . 

*  Numbers  have  reference  to  sections  following  this  one* 
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FIG.  3.  Striped  mullet  ( Mugil  cephalus) . 


"There  is  another  fish  on  this  coast,  which  they  call  ba15,  broad  and 
round  and  good  to  eat,  but  very  dangerous  to  kill  and  to  meet,  since  it  also 
does  not  know  how  to  go  into  deep  water  and  likes  to  go  into  the  mud 
where  the  Indians  kill  it  with  bow  and  arrows.  And  if  they  are  careless  in 
going  near  it  or  treading  on  it  in  the  water,  it  at  once  has  recourse  to  its 
tail,  which  is  long  and  thin  and  it  stabs  with  a  saw,  which  it  has,  so  seri¬ 
ously  that  it  cannot  be  taken  out  without  making  the  wound  larger,  since 
its  teeth  are  set  in  backwards  in  the  way  that  is  depicted  here.  The  Indians 
used  these  little  saws  in  cutting  their  flesh  in  the  sacrifices  of  the  devil10 
and  it  was  the  duty  of  the  priest  to  keep  them,  and  so  they  had  many  of 
them.  They  are  very  nice,  for  they  are  of  very  white  bone  and  curiously 
formed  in  the  shape  of  a  saw  so  sharp  and  fine  that  it  cuts  like  a  knife. 
There  is  one  little  fish  so  poisonous17  that  no  one  who  eats  it  escapes  death, 
all  swollen  up  in  a  short  time,  and  it  deceives  people  often  enough,  although 
it  is  well  known,  because  it  is  somewhat  slow  in  dying  out  of  water  and  it 
all  sw'etls  up  very  much.  There  are  many  excellent  oysters  in  the  river  of 
Champoton,  and  there  are  many  sharks18  on  the  whole  coast”. 

DISCUSSION  OF  TOZZER^S  TRANSATIONS 

1.  Tozzer  (1941),  from  whom  the  above  account  is  taken,  and  Gates  (137), 
both  translate  the  Spanish  word  "lisas”  as  skates.  Spelled  variously  as  "lisas”,  "licas”, 
and  "lizas”,  I  find  the  same  translation  in  a  number  of  Spanish-English  dictionaries. 
However,  in  the  "Diccionario  de  la  Lengua  Castillana”,  published  for  the  Royal 
Spanish  Academy,  at  Madrid,  in  1914,  the  second  definition  of  two  reads  simply 
"Mujol”  or  "Mullet”  (Fig.  3). 

As  "lisa”  is  the  word  used  by  most  of  the  Spanish-speaking  people  of  the  New 
World  to  designate  the  ordinary  mullet,  Mugil  cephalus,  there  is  no  doubt  in  my 
mind  that  "mullet”  is  the  proper  translation  rather  than  "skate”,  a  fish  extremely 
rare  along  the  coast  of  the  Mexican  Gulf. 
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U.  S.  Bur.  Fish. 


FIG.  4.  Top — Black  spotted  trout  ( Salmo  spp.).  Note  casual  resemblance  to 
the  spotted  weakfish  ( Cynoscion  nebulosus )  shown  below,  which  is  prob¬ 
ably  the  fish  called  trout  by  de  Landa. 


Add  to  this  the  fact  that  even  today  mullet  is  a  favorite  food  of  the  Mayan 
and  Spanish  peoples  about  Merida  and  Progreso,  from  whence  a  correspondent 
writes  as  follows:  "The  mullet  spawns  at  the  inlets  of  rivers  or  salty  marshes  like 
(those  at)  Celestun  and  San  Felipe.  The  mullet  is  called  "lisa”  and  the  two  pouches 
of  eggs  are  our  favorite  caviare.” 

This  liking  for  mullet  is  apparently  widespread  in  that  part  of  the  world,  as 
Blom  (1936)  gives  a  most  interesting  account  of  modern  Mayan  fishing  for  this 
same  species,  mentioning  the  fact  that  spawning  time  for  the  fish  is  feasting  time 
for  the  Indians,  who  make  their  search  for  the  roe  a  communal  and  joyous  affair. 

2.  Only  one  fish  on  the  Gulf  coast  approximates  de  Landa’s  description  of 
trout.  This  is  the  spotted  weakfish,  Cynoscion  nebulosus.  A  member  of  the  croaker 
family,  it  is  known  as  corvina  or  corbina  by  the  residents  of  Progreso  and  Merida, 
while  Molina  Solis  mentions  this  or  a  similar  species  under  the  name  of  corvinetas. 
The  fish  is  found  in  great  schools  along  the  coast,  and  is  sold  on  the  markets  of 
Frontera  and  Progreso,  being  a  much  prized  item  of  food  (Fig.  4). 

The  species  superficially  resembles  the  Black-spotted  trout,  Salmo  spp.,  which  is  a 
member  of  the  widely  distributed  char  family.  Various  species  of  char  are  found 
throughout  Europe  in  fresh  water,  and  undoubtedly  some  Spaniard,  struck  by  the 
‘resemblance  between  the  marine  fish  of  the  New  World  and  the  fresh  water  species 
bF  his  home,  dubbed  the  mariner1  rat!  trout,  and  let  it  go  at  that,  not  being  troubled 
by  the  hair  splittings  of  ichthyologists  and  their  ilk. 
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FIG.  5.  Snook  or  robalo  ( Centropomus  undecimalis) . 


FIG.  6.  Anchovies  of  the  Gulf  of  Mexico,  (a)  Anchoa  cayorum ;  (b)  A.  hepsetus 
hepsetus;  (c)  A.  h.  colonensis;  (d)  A.  lamprotaenia;  (e)  A.  ly ole-pis; 
(f)  A.  cubana;  (g)  A.  mitchilli  diaphana;  (h)  Anchoviella  perfasciata 
( After  Hildebrand ) . 
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Indeed,  such  a  name  is  used  along  the  Texas  coast,  where  the  common  appella¬ 
tion  of  the  same  fish  is  "speckled  trout". 

3.  The  haddock  of  Tozzer  is  the  bream  of  Gates,  both  identifications  falling 

outside  the  New  World  meaning  of  the  Spanish  word  "robalo”,  which  is  used  by  de 

Landa.  Robalos,  more  generally  known  as  "snooks"  in  Florida  (from  the  Dutch 

"snoek”,  or  pike)  are  also  called  "Ravaljo”,  "Ravallie",  and  "Ravillia”,  while  a  West 
Coast  species  is  the  "Constantine”  or  "Robaleto"  of  Mazatlan  fishermen.  A  silvery, 
pike-like  fish,  with  a  black  stripe  along  its  lateral  line,  the  robalo  is  much  valued 
as  food  along  the  Gulf  Coasts  of  Texas  and  Mexico,  and  forms  an  important  item 
of  food  as  far  south  as  Rio  de  Janeiro  in  the  southern  hemisphere  (Fig.  5). 

Various  species  of  Centropomids  (the  family  to  which  it  belongs)  are  reported 
all  the  way  from  Galveston,  Texas,  south  to  Belize  and  Panama.  Dampier,  that 
ancient  pirate,  in  his  "Voyage  to  the  Bay  of  Campeachy",  says  that,  "the  fish  which 

they  taken  near  the  Shore  with  their  Nets  are  Snooks,  Dogfish,  and  sometimes 

Tarporn”,  and  again,  "the  Lagunes,  Creeks  and  Rivers  are  plentifully  stored  with 
great  Variety  of  fish  (viz.)  Mullets,  Snooks,  Tenpounders,  Tarpons,  Cavallies, 
Paricootas,  Gar-fish,  Stingrays,  Spanish  Mackril,  with  many  others.”  Molina-Solis 
(1904)  makes  a  somewhat  similar  statement.  "La  pesqueria  era  industria  muy  pro- 
ductiva:  se  pescaba  mucho  y  muy  buen  pescado,  como  meros,  pargos,  corvinetas, 
robalos,  lisas,  sardinos,  pampanos  y  tollos,  que  no  solo  se  consumian  en  la  provencia, 
sino  que  se  lleveban  a  Vera  Cruz  -  En  Sisal  habia  un  torre  de  vela  y  atalaya,  y  un 
grand  pesquerias  de  Rio  Lagartos  eran  tan  copiosas,  que  abastecian  el  mercado  de 
Vallodolid  y  de  Merida  y  aun  sobraba  para  exportir”. 

Some  species  of  robalo  is  an  important  market  fish  at  Progreso  and  Fronteras, 
(Radcliffe,  1922)  and  Centropomus  undecimalis,  C.  viridis,  C.  parallelus  and  C. 
nigrescens  have  all  been  listed  as  occurring  along  the  coasts  of  Campeche,  Yucatan, 
and  the  territory  of  Quintana  Roo. 

4.  Sardines,  in  this  instance,  may  mean  any  one  of  a  number  of  small  silvery 
fishes  found  in  the  waters  of  Yucatan  and  belonging  to  several  species  and  genera. 
Hildebrand  (1943)  lists  eight,  giving  their  range  as,  "Florida,  west  coast,  to  Cabo 
Catoche,  Peninsula  of  Yucatan,  Mexico,  inclusive."  They  are:  Anchoa  cayorum,  A. 
hepsetus  hepsetus,  A.  hepsetus  colonensis ,  A.  lamprotaenia,  A.  lyolepis,  A.  cubana, 
A.  mitchilli  diaphana  and  Anchoviella  perfasciata  (See  Fig.  6). 

Harengula  humeralis ,  H.  pensacolae  and  H.  clupeoli  have  been  reported  from 
the  territory  about  Progreso,  and  several  atherinids  also  frequent  the  coast. 

Jenkinsia  stolifera,  Atherina  stipes ,  A.  velieana  and  A.  araea  are  found  there, 
as  is  Menidia  colei,  and  it  is  probable  that  some  or  all  of  these  are  the  fishes  sold 
in  the  market,  at  Progreso,  as  the  Pejerey,  a  common  name  for  many  of  the  species 
of  these  families. 

5.  Translated  as  "Flounders”  by  Gates.  The  sole  of  the  Gulf  of  Mexico,  while 
quite  numerous,  are  not  usually  of  a  size  to  merit  consideration  as  food  fish,  some 
species  scarcely  exceeding  a  silver  dollar  in  diameter.  On  the  other  hand,  flounders 
(or,  to  be  more  exact,  flukes)  of  several  species  are  comparatively  plentiful.  Some 
attain  considerable  size  and,  being  excellent  food,  are  relished  by  primitive  peoples 
and  their  more  modern  brothers  (Fig.  7). 

6.  Tozzer,  in  his  footnote,  suggests  that  the  sawfish  here  mentioned  is  probably 
Pristiurus.  This  is  an  error,  Pristiurus  being  a  small  shark  (Nichols,  1927).  The 
saw-shark  of  similar  name,  Pristiophorus,  is  a  native  of  the  Indo-Pacific  (Fowler, 
1940). 

De  Landa  probably  saw  representatives  of  both  American  sawfishes,  Pristis  micro- 
don  (Baughman,  1943)  and  P.  pectinatus,  without  being  aware  of  any  differences, 
for  the  sawfish  was  and  is  known  to  the  Mayas,  who  in  comparatively  modern  times 
have  been  known  to  use  the  saw  as  a  weapon  (Waldeck,  1838).  This  was  perhaps 
a  natural  model  for  the  macuahitl,  used  in  Nicaragua  and  Yucatan,  and  its  paratype 
may  be  found  among  the  Philippine  weapons  of  the  National  Museum  (Krieger, 
1936,  and  Fig.  8). 

Despite  the  presence  of  sawfishes  in  Yucatecan  waters,  it  is  extremely  doubtful 
that  the  word  "sierra”  should  be  so  translated,  as,  among  most  of  the  Spanish 
speaking  peoples  of  the  New  World,  it  is  used  to  denote  a  number  of  species  of 
mackerel-like  fishes,  commonly  known  as  Spanish  mackerel  (S comber omous  macu- 
latus )  and  kingfish  (S.  regalis  and  S.  cavalh ) .  It  is  to  these  fish  that  Dampier  and 
Molina  Solis  evidently  refer  in  their  early  accounts  of  the  area  (See  Fig.  9). 
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FIG.  8.  Top— One  of  the  common  Gulf  sawfishes  Pristis  pectinatus.  (U.S.  Bur. 


Fish.).  Bottom — Primitive  Philippine  sword  in  the  U.  S.  National  Museum 
made  from  one  half  a  sawfish  beak.  Weapons  like  this  were  used  by  the 
Maya,  and  were  perhaps  natural  models  for  the  macuahitl. 


All  three  species  are  found  off  Progreso,  where  the  first  is  known  as  "carita”, 
the  third  by  the  name  of  "sierra’  .  The  second  form,  S.  regalis  is  probably  not 
differentiated  by  the  fishermen  from  maculatus,  a  species  which  it  closely  resembles. 
However,  it  definitely  occurs  about  the  mouth  of  the  Champoton  and  at  Progreso. 

As  a  matter  of  fact,  so  plentiful  are  "sierra"  and  "carita"  in  the  waters  of 
Campeche  that  an  organized  Cuban  fishery  is  prosecuted  about  Yalkubul  on  the 
eastern  portion  of  the  peninsula.  Quite  a  fleet  of  fishing  smacks  patronizes  these 
grounds,  without  license  from  the  Mexican  government,  and  those  captured  by  the 
Mexican  "Guardia  Costale”  are  taken  into  Progreso  for  trial.  Other  Cuban  boats 
go  to  Los  Alacranes  where,  by  bribing  the  lighthouse  keepers  with  food  and  money, 
they  are  able  to  fish  without  let  or  hindrance.  The  boats  engaged  in  this  fishery 
are  very  fast  sailers  and,  as  most  of  the  fish  are  caught  by  trolling,  the  method 
is  known  as  "capa  corrida"  as  opposed  to  "capa  cerrado",  where  "the  boat  lies  to 
with  little  motion.” 


FIG.  7.  Top — Sole  or  hog-choker  ( Achirus  lineatus) ,  upper  side.  Center — A.  line- 
atus,  under  side.  Bottom — -Gulf  flounder  ( Paralichthys  lethostigmus) .  (U.S. 
Bur.  Fish.) 
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FIG.  9.  Top — Spanish  mackerel  ( Scomberomorus  maculatus)  .  Center — Spotted 
kingfish  (S.  regalis) .  Bottom — Great  kingfish  ( S .  cavalla) .  (U.S.  Bur. 
Fish.) . 


An  excellent  drawing  of  5'.  maculatus  from  Progreso,  under  the  name  of 
"sierra”,  is  given  in  Russel’s  (1929)  modern  acount  of  Yucatan. 

7.  The  original  passage  reads  as  follows:  "Y  con  ellas  acuden  lenguados,  sierras, 
caballos,  mojarras,  y  infinitas  deversidades  do  otros  pescados  pequenos.” 

Both  Tozzer  and  Gates  translate  the  word  "caballos”  as  "horse  mackerel”,  a 
term  commonly  used  to  designate  the  huge  bluefin  tuna,  Thunnus  thynnus,  one  of 
the  great  pelagic  fishes  of  the  world. 

Dampier,  de  Landa,  and  Molina-Solis  all  mention  "caballos”  or  "cavallies”  and 
apparently  they  are  quite  common.  So  far  as  I  know,  no  form  of  tuna  commonly 
occurs  in  Yucatecan  waters,  although  bonitos  of  one  species  or  another  have  been 
reported. 

Consequently  we  are  left  with  a  member  of  the  pompano  family,  the  jackfish, 
as  almost  the  only  species  apt  to  fit  the  context  of  the  sentence  (Fig.  10). 
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FIG.  10.  Top — Jackfish  or  Jurel  ( Caranx  hippos).  Bottom — Hardtail  or  runner 
( Caranx  cry  so  s) . 


Variously  known  as  "carang”,  "caranx”,  "crevalle”,  "horse  crevalle”,  "toro”, 
"jiguagua”,  "tourist  tarpon”,  "yellow  jack”,  "jack”  and  "cavalha”,  Caranx  hippos 
is  a  widespread  inhabitant  of  the  warm  seas  of  the  world,  and  has  been  definitely 
reported  from  Yucatan.  About  Progreso  it  is  apparently  known  under  the  name  of 
"jurel”.  Other  forms,  namely  C.  crysos  (Fig.  10),  C.  ruber  and  C.  latus  (Fig.  11), 
have  likewise  been  reported  from  these  waters.  However,  the  last  needs  confirmation. 

A  related  form,  the  amberjack,  Seriola  sp.,  is  known  as  "Kanche-jurel”,  or  "big” 
jurel  (Fig.  11). 

I  am  informed  by  my  correspondent  that  Celestun  and  San  Felipe,  where 
coastal  marshes  and  salt  lagoons  empty  into  the  gulf,  are  both  very  favorable  loca¬ 
tions  for  "jurel”,  but  that  the  "kanche-jurel”  are  frequenters  of  the  reefs  which 
abound  along  the  coast. 

This  is  definitely  the  habit  of  the  two  species  wherever  they  are  found. 

8.  Here  again  Tozzer  and  Gates  are  at  variance:  -  Tozzer  says  "tunny-fish”, 
Gates  says  "moharras”,  and  Molina-Solis  says  "sierras,  caballos  y  moharras.” 
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U.  S.  Bur.  Fish. 


FIG.  11.  Top — Horse-eyed  jack  ( Caranx  latus) .  Bottom — Amber  jack  or  Kanche- 
jurel  (Seriola  la/anda) . 


As  already  pointed  out  in  7  of  this  paper,  tuna  are  not  known  to  be  commonly 
existent  in  Yucatecan  waters,  so  I  am  inclined  to  take  the  word  "mojarras”  at  its 
face  value. 

It  is  applied  more  or  less  indiscriminately  to  two  families  of  small  fishes,  one 
marine,  the  other  freshwater,  in  habitat. 

The  marine  family,  the  Gerridae,  is  found  in  most  tropical  seas  and  many 
of  the  species  freely  enter  fresh  water.  Gerres  cinereus  is  found  from  Florida  to  Brazil 
as  are  G.  havana,  Eucinostomus  gula,  JJlaemi  lefroyi,  Diapterus  rhomheus,  D.  olis- 
thotomus,  D.  plumieri  and  D.  brasiliensis .  Most  of  these  have  been  reported  from 
Panama  and  several  are  known  to  occur  about  Yucatan.  These  species  are  known 
variously  in  various  countries  as  "mojarra  de  ley”,  "mojarra  de  casta”,  "mojarra 
blanca”  and  "mojarra”  (Fig.  12). 

While  it  is  questionable  whether  any  of  the  marine  species  mentioned  formed 
an  appreciable  portion  of  the  Mayan  food  supply,  we  may  be  reasonably  sure  that 
the  fresh  water  family  of  the  cichlids,  also  known  as  'mojarras”,  were  an  important 
source  of  provender,  inhabiting,  as  they  do,  every  lake,  stream,  and  cenote  of  Central 
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FIG.  12.  Top — Fresh  water  mcjarra  ( Cichlosoma  macvacanthus) . 

Upper  center — C.  gadovii  (After  Regan).  Lower  center — 
Salt  water  mojarra  ( Gerres  olisthostcmus) .  Bottom — 
Gerres  cinereum.  (U.S.  But.  Fish.). 
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U.  S.  Bur.  Fish. 


FIG.  15.  Broadbill  swordfish  (Xiphias  gladius) . 


FIG.  13.  Tenpounder  or  Tzotzim  ( Elops  saurus) . 


FIG.  14.  Barracuda  ( Sphyraena  barracuda). 
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FIG.  16.  Top  left — Fig.  2,  Tozzer  and  Allen.  Top  right — Idem,  Fig.  4.  Center — 
Male  dolphin  ( Coryphaena  hippurus) .  Bottom — Female  dolphin.  (U.S. 
Bur.  Fish.). 


and  northern  South  America.  They  replace  in  that  territory  the  centrachids  of  the 
United  States  and  northern  Mexico,  a  family  which  includes  the  black  basses  and 
the  beloved  "punkin  seed”  of  our  ooyhood. 

From  the  Mayan  country  legions  of  these  fish  have  been  collected  and  catalogued 
— Hubbs,  Regan,  Jordan  and  Evermann,  Meek,  Gunther,  and  all  the  ichthyological 
great  have  listed  species  on  species,  and  subspecies  on  top  of  that,  almost  every 
cenote  producing  a  fish  that  differs  slightly  from  its  neighbors. 


FIG.  17.  Common  octopus. 
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A  very  human  comment  is  made  by  Meek,  who  says:  "The  species  of  this 
genus  ( Cichlasoma)  are  very  difficult  to  capture  with  a  seine.  They  are  more  skillful 
in  dodging  a  net,  running  around  the  end  or  jumping  over  it,  than  are  any  other 
fishes  I  ever  collected/’ 

It  would  be  interesting  to  know  if  the  ancient  Mayas  experienced  the  same 
difficulty. 

9.  A  list  of  the  fishes,  freshwater  and  marine,  which  have  b:en  reported  from 
Yucatan  would  fill  many  pages,  and  it  seems  bootless  to  include  it  here. 

However,  during  the  course  of  an  extended  correspondence,  a  certain  amount 
of  miscellaneous  information  has  been  accummulated  and,  because  it  is  of  come 
interest  excerpts  from  various  communications  are  given  below. 

The  Maya  name  for  the  ten  pounder,  Elops  saurus  is  given  as  Tzotz:m  (see 
Dampier  in  3,  this  note  and  Fig.  13). 

The  barracuda,  Sphyraena  barracuda  (Spanish:  picuda)  is  described  (Martinez) 
as  follows: 

"They  are  quite  large  and  fierce.  Thev  lay  in  wait  in  the  shallows  off  the 
Bachul  coast.  It  is  common  to  catch  8  or  10  in  one  morning,  trolling.  They  weigh 
up  to  100  lbs.,  but  a  50  lb.  fish  is  common.”  (Fig.  14). 

There  seems  every  reason  to  believe  that  the  broadbill  swordfish  ( Xiphias 
gladius )  (Fig.  15)  and  one  or  more  of  the  marlins  ( Makaiara  spp.)  are  caught  off 
Yucatan.  Mr.  Martinez  (  speaking  of  what  he  believes  to  be  a  marlin)  says,  "This  fish 
falls  on  the  net  of  commercial  fishermen  and  it  is  known  under  the  name  of  'pez 
espada’.  It  is  a  deep  water  fish,  travelling  and  following  large  schools  of  sardines,  and 
other  fishes.”  Later,  he  says  that  the  broadbill  is  called  "peje  bianco.”  "Fishermen  salt 
its  meat  and  its  oil  is  very  much  appreciated  for  leather  softening.”  (See  also  15  of 
this  note. ) . 

The  dolphin,  or  dorado,  ( Coryphaena  hippurus )  (Fig.  16)  occurs  in  some 
numbers.  In  Tozzer  and  Allen,  figures  2  and  4,  plate  5,  probably  represent  individuals 
of  this  species.  The  blunt  profile  of  figure  2  especially  is  very  much  that  of  an  old 
male  dolphin. 

Redfish  (Spanish:  tambor),  the  channel  bass  (Sciaenobs  ocellatus )  of  the  east 
coast  of  the  United  States,  is  "also  called  by  Cubans  pescada.  Abundant  on  this 
north  coast  and  in  the  Rio  Lazarto;  heavy  puller”  (Martinez). 

10.  To  one  familiar  with  the  cuttlefish  and  octopi  of  the  Mediterranean,  the 
American  form  Octopus  vulgaris  (Fig.  17)  would  present  no  apparent  difference. 
There  is  little  doubt  that  they  were  known  to  the  Mayas,  for  from  the  room  of  the 
great  altar  of  the  Temple  of  the  Warriors,  at  Chichen  Itza,  Morris  (1931)  recovered 
fragments  of  a  mural  showing  marine  life.  One  portion  depicts  part  of  an  octopus 
"with  rounded  body,  centrally  placed  eye,  and  thick,  waving  tentacles,  one  of  which 
bears  a  suction  cup.” 

11-12.  In  his  footnote  on  these  fish,  Tozzer  says,  "The  original  is  not 
absolutely  clear.  It  apears  to  be  'sollos’,  'pike’,  but  there  is  a  possibility  that  it  is 
tollos  'dogfish’.  Eleanor  B.  Adams  does  not  find  the  's’  written  elsewhere  as  it  is 
here.” 

The  suggestion  seems  to  me  to  be  eminently  sensible.  Both  Dampier  and  Molina 
Solis  mention  dogfish,  and  the  only  other  pike-like  fish,  the  barracuda,  of  that  coast 
was  known  in  the  time  of  Dampier  as  "picuda”  and  retains  that  name  until  this 
day. 

On  the  other  hand,  at  certain  seasons  of  the  year  there  are  great  numbers 
of  small  sharks  found  off  the  Yucatecan  coast. 

These  are  locally  called  "cazones”  and  form  a  staple  food  of  the  inhabitants 
both  rich  and  poor,  because  they  can  be  caught  in  great  numbers  and  readily  dried 
or  "jerked”,  keeping  for  some  time  in  this  condition.  Because  it  approximates  de 
Landa’s  description  in  some  respects,  I  give  herewith  an  excerpt  from  the  letter 
of  a  correspondent  at  Merida:  "The  cazon.  This  fish  belongs  to  the  shark  family... 
The  length  of  two  feet  is  about  right,  although  some  are  larger.  Of  these  we  have 
two  varieties,  the  flat-faced  one  named  'chata’  and  one  with  a  pointed  snout  called 
in  the  Maya  language  'tzutzum’  which  is  a  better  quality.” 

The  similarity  of  this  description  of  the  heads  to  that  of  de  Landa  is  striking, 
and  the  flat  faced  one,  "chata”,  is  probably  the  same  of  which  de  Landa  says,  "they 
have  round  heads  and  very  flat  ones  .  .  .  and  they  have  their  mouth  in  the  part 
inside  and  their  eyes  at  the  edge  of  the  round  part.” 
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FIG.  18.  Top — Shovel-nosed  shark  ( Sphyrna  tiburo) .  Center  left — head  of  tiburo. 

Center  right — Head  of  zygaena.  Bottom— -Hammerhead  shark  ( Sphyrna 
zygaena )  .  After  Garman. 


This  is  a  little  involved  but  I  would  construe  it  to  mean  Reniceps  tiburo ,  the 
shovel-nosed  shark,  which  has  a  round  flat  head  which  fits  the  description  quite 
well,  as  the  accompanying  sketch  will  show  (Fig.  18). 

Two  other  species  of  cazones  are  known  about  Progreso  by  the  colloquial  names 
of  "kanuay”  and  "jaqueton”.  These  probably  are  carcharhinids,  as  is  the  "cazone” 
sketched  by  Russel  (1929). 

"Pan  de  cazon,  a  fish  tortilla  with  a  sauce  over  it,  is  to  Campeche  what  hot 
dogs  are  to  an  American  city,  except  that  pan  de  cazon  is  a  light  dish — -a  dish  for 
the  Gods.”  (Ramsey,  1934). 

13.  Gates  says  these  fish  look  like  mantles  (a  literal  translation),  while 
Tozzer  says  they  look  like  devil  fish,  remarking  in  a  footnote  that  they  are  Manta 
birostris,  which  is  probably  correct.  It  is  interesting  to  note  that  they  are  far  more 
often  called  mantas  than  they  are  devilfish,  and  even  their  Latin  name,  to  translate 
somewhat  freely,  means  a  two-beaked  blanket  (Fig.  19). 


FIG.  19.  Manta  or  devilfish  ( Manta  birostris ). 
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FIG.  20.  Rays  of  various  kinds  were  known  to  the  Maya.  These  species  have  been 
reported  from  Yucatecan  waters.  Top — Eagle  Ray  ( Stoasodon  narinari) . 
Center  left — Electric  Ray  ( Narcine  brasiliensis) .  Center — Butterfly  ray 
( Pteroplatea  micrura ) .  Center  right — Spines  from  the  tails  of  Dasyatis  say 
(2  left)  and  from  Stoasodon  (right).  Bottom  left — Cow-nosed  ray  ( Rhi - 
noptera  quadriloba) .  Bottom  right,  Stingray  ( Dasyatis  sabina). 
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No  records  exist  for  this  fish  from  Yucatan.  However.  Mr.  Martinez  tells  me 
that  a  very  large  ray,  weighing  from  1  to  2  tons  is  occassionally  found  off  Progreso, 
and  Bean  (1890)  says:  "A  very  large  species  of  ray  was  seen  groping  about  the 
bottom  of  our  steamer,  which  was  not  obtained,  and  consequently  could  not  be 
identified,  but,  judging  from  its  size,  it  may  have  been  a  species  of  manta.” 

14.  "Rayfish”  as  de  Landa  calls  them,  were  undoubtedly  well  known  to  the 
Mayas.  Two  fragments  of  the  spine  of  the  round  sting  ray  ( Urolophus)  were  found 
among  other  artifacts  during  the  excavation  of  Uaxactun  (Ricketson,  1937)  and 
Urolophus  jamaicensis  was  reported  from  Progreso  by  Barbour  and  Cole  (1906). 
Awls,  made  of  the  barbs  of  the  stingray  are  very  common  at  Holmul  (Merwin  and 
Vaillant,  1932)  and  a  fragment  of  a  mural  in  the  Temple  of  the  Warriors  at  Chichen 
Itza  shows  what  is  probably  the  head  of  a  stingray  or  torpedo,  although  the  Mayan 
artist  has  conventionalized  it  by  adding  scales  and  by  placing  the  mouth  on  top 
of  the  head. 

That  such  treatment  was  not  unusual  may  be  seen  in  another  section  of  the 
temple  wall,  where  the  unmistakable  picture  of  a  stingray  occurs.  Here  a  series  of 
lines  across  the  back  may  be  intended  to  show  scalation,  which  in  the  rays  is  non¬ 
existent. 

However,  the  primitive  artist  was  not  always  bound  by  such  concepts.  In 
another  part  of  the  same  mural,  a  brownish-colored  ray  (perhaps  Narcine  or 
Urolophus )  is  represented,  sans  scales,  but  with  the  mouth,  as  in  both  of  the  other 
drawings,  placed  on  the  dorso-anterior  portion  of  the  head. 

There  are  undoubtedly  a  number  of  different  rays  (Fig.  20)  found  along  the 
coast.  I  am  informed  by  Mr.  Martinez  that  he  knows  of  at  least  5.  These  he  lists  by 
their  common  names,  as  follows: 

"1.  'Manta’.  Diameter  from  IY2  to  2  meters  wide. 

2.  'BalanT.  Back  cream  colored,  underside  white;  also  called,  'Paloma’. 

3.  'Beb’.  The  flippers  are  thicker  than  #2.  Some  have  zebra  streaks. 

4.  'Raya  Pinta’.  About  1  meter  in  diameter  with  black  spots,  eatable.  (This 
could  be  Stoasodon  narinan ) . 

5.  'Raya  blanca’.  Color  cream  on  back,  and  white  underneath.  Also  called 
'Paloma’.  Eatable.” 

15.  Perez  Martinez  (1938)  thinks  that  de  Landa  here  confuses  "bach”, 
"swordfish”  with  "ba”,  gopher,  or  "bay”  crab,  and  believes  that  the  first  translation 
is  correct. 

It  seems  more  probable  that  the  original  may  have  been  "balarn”  (see  note 
14,  above). 

To  anyone  in  the  slightest  degree  familiar  with  the  scombroids,  the  supposition 
that  de  Landa’s  "ba”  is  a  swordfish  is  without  the  slightest  basis  in  fact — I  know 
of  no  species  of  the  family  that  will  tolerate  muddy  or  shallow  water,  almost  all 
of  them  being  strictly  pelagic  in  their  habits,  lovers  of  blue  water  and  the  open  sea. 

Moreover,  while  the  sailfish  "Aguja  de  paladra”  is  not  rare  on  this  coast,  there 
seems  to  be  some  doubt  as  to  the  abundance  of  the  swordfish,  a  name  which  is 
applied  indiscriminately  among  fishermen  to  both  the  marlin,  or  round  billed 
spearfish,  and  to  the  flat  billed  Xiphias  or  "espada”.  (See  note  9). 

The  following  paragraph  from  "El  Diario  de  Yucatan”,  of  November,  1942, 
serves  to  point  this  out: 

"Enorme  Ejemplar  de  Pez  Espada — Personas  que  acaban  de  lleger  de  la  costa 
occidental,  nos  informan  que  ayer  en  la  manana  tuvieron  opportunidad  de  ver 
un  enorme  ejemplar  de  pez  espada,  capturada  por  el  Senor  Rafael  Coll  Talavera, 
guardafaro  de  la  senal  maritima  de  Punta  Palmar.  Dicho  animal,  muy  raro  en  las 
aguas  de  la  peninsula,  media  dos  metros  y  medio  de  la  larga,  y  su  peso  era  approxi- 
madimente  de  quimientos  kilos.” 

Dismissing  the  swordfish  from  its  eligibility  for  the  title  of  the  "fish  called 
hd\  we  come  to  Tozzer’s  suggestion  that  it  is  probably  the  stingaree  ( Aetohatus ) 
or  an  allied  species.  I  cannot  agree  with  him  on  Aetohatus,  or  rather  Stoasodon,  which 
is  a  large  and  showily  spotted  fish,  but  it  may  well  have  been  one  of  the  Dasyatids. 

Dasyatus  hastata  has  been  obtained  at  Progreso,  where  it  is  accounted  an  ex¬ 
tremely  good  food  fish.  It  attains  a  width  of  3  to  5  feet  and  a  weight  of  over 
100  pounds,  which  fits  the  description  well  enough,  but  whether  it  is  the  "balam” 
of  the  present  day,  or  the  "ba”  of  de  Landa,  I  do  not  know. 

Interestingly  enough,  since  writing  the  above,  I  discovered  a  modern  account 
of  a  man  who  either  met  the  "fish  called  'ba’,”  or  a  similar  species,  in  the  very 
locality  of  which  de  Landa  speaks. 
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FIG.  21.  The  triggerfish  ( Batistes  vetula) 


U.  S.  Bur.  Fish. 


FIG.  22.  The  cowfish  ( Lactophrys  tricornis ) 


Russel  (1929)  says  of  an  acquaintance:  "Both  of  the  doctor’s  hands  were 
badly  scarred.  One  wound  came  from  an  alligator’s  bite,  the  other  from  a  giant 
ray’s  barb  ....  The  doctor  and  native  companion  had  found  basking  in  the  warm 
Gulf  water  a  giant  stingray  ....  They  killed  it  and  towed  it  to  land,  where 
the  doctor  .  .  .  intended  to  disect  it.  As  the  ray  was  apparently  lifeless,  he  took 
hold  of  it  by  the  tail  to  drag  it  up  on  the  beach.  The  beasr  with  a  galvanic  effort 
drove  his  barb  through  the  young  physician’s  right  hand  where  it  broke  off  .  .  .  . 
For  seven  hours  he  was  violently  ill,  his  body  seemed  part  of  the  time  to  be  on 
fire  and  again  to  be  as  cold  as  if  packed  in  ice.  It  was  2  days  before  he  recovered 
sufficiently  to  be  taken  home,  and  he  was  ailing  for  3  months  afterwards.  ’ 

16.  This  suggested  use  of  the  spines  of  stingrays  (Fig.  20)  in  an  act  of  sacrifice 
is  most  interesting,  involving,  as  it  does,  mutilation  of  the  genitals.  One  is  reminded 
of  a  similar  mutilation  among  the  Dyaks  of  Borneo,  practised  for  a  somewhat 
different  reason.  Dyak  wives,  wishing  to  insure  the  chastity  of  travelling  husbands, 
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insist  that  the  men  allow  the  foreskin  of  the  glans  penis  to  be  pierced  and  a  bone 
oetang  inserted.  This,  left  until  healed  into  the  flesh,  "presents  as  formidable  an 
obstacle  to  lose  morals  as  a  chastity  belt.”  (Miller,  1942). 

Among  the  Maya  such  mutilation  had  a  religious  significance  and  was  carried 
to  greater  extremes.  The  amount  of  scarification  depended  upon  the  degree  of 
religious  fervor  felt  by  the  devotee,  and  the  act  was  practiced  upon  the  glans  penis 
itself. 

A  similar  rite  was  practiced  by  the  Guaymi  Indians  of  Panama  (Requedo 
Salcedo,  1640)  and  Gann  (1918)  shows  four  small  figurines  meant  to  represent 
individuals  in  the  act  of  inflicting  such  ceremonial  mutiiation  upon  themselves, 
while  in  another  figure  he  shows  a  pottery  model  of  a  penis  in  which  the  head 
is  marred  by  the  scars  of  several  incisions. 

However,  in  none  of  the  accounts  given  of  the  Maya  is  there  any  direct  state¬ 
ment  that  this  was  the  purpose  for  which  these  spines  were  used.  We  may  only  infer 
from  de  Landa’s  words  and  from  the  fact  that  in  two  cases,  one  at  Uaxactun 
(Smith,  1932)  and  one  at  Holmul,  these  barbs  were  found  near  the  pelves  of  the 
skeletons  with  which  they  were  buried. 

17.  Numerous  tropical  fishes  have  been  accused  of  being  poisonous.  Phisalix 
(1922)  lists  no  less  than  200  species  to  which  toxic  effects  have  been  attributed. 
Possessors  of  venomous  stings  or  spines,  such  as  stingrays,  catfishes,  weevers  and 
others  account  tor  65  of  these.  Fourteen  species,  among  them  cyclostomes,  lampreys 
and  some  teleosts  possess  poisonous  blood,  and  121  have  caused  poisoning  by  inges¬ 
tion  of  their  flesh. 

Gudger  (1930)  separates  this  last  group  into  2  parts,  one  containing  those 
fishes  which  ( being  particularly  apt  to  decompose  because  of  the  softness  of  their 
flesh)  induce  a  very  severe  form  of  gastric  poisoning,  generally  known  as  "Cigua¬ 
tera”.  The  second  group  is  comprised  of  those  fishes  which  actually  secrete  within 
themselves  substances  which  are  extremely  toxic  to  man. 

Taft  (1945)  gives  a  very  thorough  review  of  the  literature  on  this  subject. 
He  states  that  the  amber  jack  ( Seriola  fas  data) ,  yellow  jack  ( Caranx  bartholomei) ; 
skip  jack  ( Caranx  ruber)  and  horse-eyed  jack  ( Caranx  latus)  are  credited  with 
producing  an  endotoxin,  but  that  this  has  not  been  proven.  Walker  (1922)  also 
lists  Caranx  hippos  as  an  offender  (Fig.  10). 

Scomberomorus  cavalla,  the  kingfish,  is  mentioned  by  Walker,  also,  a  statement 
that  is  confirmed  both  by  Gilman  (1942)  and  by  Mann  (1938),  who  likewise  lists 
the  pompano,  another  member  of  the  jackfish  group. 

"In  some  localities  these  fish  are  considered  excellent  food,  but  in  others  to 
be  extremely  poisonous.”  (Taft,  op.  cit.) 

Poisoning  is  more  or  less  seasonal,  and  may  possibly  be  connected  with  the 
spawning  season.  O’Neill  (1938)  reported  poisoning  from  eating  the  roe  of  the 
amberjack.  Townsend  (1928)  and  Coker  (1922)  report  the  eggs  of  alligator  gar 
as  being  toxic  to  fowls  and  possibly  to  humans. 

Clavijero  (1787)  mentions  the  "Sfirena”  (or  barracuda)  as  being  poisonous, 
a  statement  confirmed  by  Dampier  (op.  cit.)  who  caught  the  fish  in  the  Bay  of 
Campeche.  More  recently  Gann  (1927)  notes  great  numbers  of  3  and  4  foot 
barracudas  about  his  boat  near  Tuluum.  "These  fish,”  he  says,  "at  certain  seasons 
are  poisonous.  Persons  affected  develop  symptoms  not  unlike  ptomaine  poisoning.” 

Herre  (1924)  states  that  the  Balistidae  (Fig.  21)  are  considered  unfit  for  human 
consumption  and  in  "such  places  as  Cuba  and  Mauritius  they  are  not  allowed  in  the 
markets  as  they  are  known  to  cause  ciguatera.”  Ruppel  states  that  a  species  in  the 
Red  Sea  is  most  unwholesome. 

Rogers  (1899)  notes  that  the  cowfish  Lactophrys  tricornis  (Fig.  22)  is  known  as 
the  "drunken  fish”  because  eating  it  sometimes  produces  symptoms  similar  to  those  of 
drunkeness.  He  is  of  the  opinion  that  the  seasonal  nature  of  the  poisoning  is  not 
due  to  sexual  activity  but  rather  to  food  ingested  by  the  fish.  Walker  (1922) 
concurred  in  this  belief,  the  earliest  form  of  which  is  shown  in  Peter  Martyr’s 
statement  that  (in  the  West  Indies)  "there  grows  a  tree  whose  fruits  are  sure 
poison.  When  the  fruits  fall  into  the  water  and  are  eaten  by  the  fish,  people  who 
afterwards  eat  these  fish  are  attacked  by  divers  strange  maladies.” 

This  does  not  seem  too  credible.  In  South  America  and  the  East  Indies,  where 
the  use  of  rotenone  is  quite  common  (Killip  and  Smith,  1931),  it  has  repeatedly 
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FIG.  23.  Spheroides  testudineus. 


been  noted  that  there  were  no  ill  effects  observed  in  any  of  the  people  ingesting 
fish  killed  by  this  means.  (Wallace,  1853;  Thurn,  1883;  Hilhouse,  1834;  Lumholz, 
1920). 

Actually  the  basis  for  de  Landa’s  comment  probably  lies  elsewhere.  Construing 
his  somewhat  ambiguous  statement  to  mean  that  the  fish  swells  up  (rather  than 
the  patient ) ,  then  there  is  little  doubt  that  he  meant  one  of  the  puffers. 

Diodon  holocanthus,  Spheroides  spengleri,  S.  marmoratus,  S.  testudineus  (Fig. 
23),  Lagocephalus  laevigatus,  and  L.  pachycephalus  have  all  been  reported  from  the 
Yucatecan  coast.  These  are  members  of  a  family  which,  generally  speaking,  has  been 
found  to  be  very  poisonous  to  human  beings. 

A  Pacific  species,  Tetraodon  hispidus,  is  regarded  by  the  Samoans  as  extremely 
so,  its  name  being  "muki-muki,”  or  "deadly  death”  (Jordan  and  Seale,  1906). 
Herre  (op.  cit.)  details  a  number  of  instances  in  which  tetraodonts  have  proved 
fatal  to  their  consumers,  mentioning  cases  in  the  Philippines  and  Australia.  Under 
the  name  of  "Fugu”,  this  family  has  been  the  object  of  some  intensive  research  by 
Japanese  scientists  Tokushi  and  Tani  (1937)  reported  909  cases  of  fatal  fugu  poison¬ 
ing  in  Japan  over  a  period  of  ten  years. 

Tahara  (1910)  was  successful  in  segregating  a  toxalbumin  known  as  Tetro- 
dontoxin  from  the  gonads  of  these  fish.  In  less  concentrated  form  it  was  also  found 
in  the  viscera. 

Rogers  (op.  cit.)  describes  the  symptoms  of  such  poisoning  as:  "Blunted 
sensibility,  trembling,  general  muscular  weakness,  difficulty  of  breathing,  vomiting 
of  blood  and  death.” 

18.  Sharks  are  plentiful  along  the  coasts  of  Yucatan,  as  in  all  tropical  waters. 
At  least  five  species,  Ginglymostoma  cirratum.  Scoliodon  terranovae,  Carcharhinus 
platyodon,  Reniceps  tihuro  and  Sphyrna  zygaena  (Fig.  18)  have  been  reported  from 
there  in  recent  years  and  several  of  them  are  used  as  food  (see  note  11-12,  this 
paper).  Stephens  (1858)  mentions  that  sharks  were  commonly  sold  in  the  markets 
of  Campeche,  being  eaten  by  all  classes. 
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Certainly  they  were  known  to  the  Mayas.  Shark  teeth  have  been  found  in  the 
ruins  of  Holmul,  in  Guatemala,  and  in  Plate  36,  Raymond  and  Vaillant  (1932), 
a  number  of  them  are  shown.  Apparently  they  represent  several  different  species. 
In  northern  Honduras,  Gann  (1900)  unearthed  the  pottery  image  of  a  shark,  and 
he  states  (1918)  that  about  Santa  Rita,  where  figurines  of  animals  with  human 
heads  projecting  from  their  widely  opened  jaws  are  common,  the  shark  is  one  of 
the  animals  used  as  a  pattern. 

Furthermore,  in  a  mural  in  the  Temple  of  the  Warriors,  a  red  and  white  fish, 
tentatively  identified  as  a  dog  shark,  pursues  a  swimmer,  open-mouthed. 

Perhaps  this  is  the  first  American  notice  of  a  maneater!!! 

Like  many  primitive  peoples,  the  Mayas  occasionally  identified  their  Gods 
with  some  animal  or  bird,  and  in  the  Tzimin  Ms.  (Tozzer,  op.  cit.)  there  is  mention 
of  Chac-Uayab-'Xoc  ('red  or  great  demon  shark’).  However,  there  is  no  certainty 
that  there  was  any  shark  worship  among  the  Mayas  similar  to  that  so  common 
throughout  the  Pacific  (Frazer,  1913-1924,  1935). 

The  nearest  approach  to  anything  of  the  sort  is  Roys’  statement  that  he  would 
like  to  construe  the  Ah-kak-nexoi  of  de  Landa,  to  mean,  rather  Ah-kak-ne-xoc,  thus 
giving  this  fisherman’s  god  a  name  meaning  "Fire  tailed  shark”.  Tozzer  suggests 
that  this  could  well  describe  a  shark  at  night  in  the  phosphorescent  waters  of  the 
Gulf.  Such  phosphorescence  is  common  and  for  a  good  description  of  it,  from  the 
very  waters  in  question,  one  has  to  look  no  farther  than  Russell  (1929),  who 
repeatedly  mentions  it. 
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4  STUDY  OF  FOREIGN  PATENTS  VS.  FOREIGN 
PUBLICATION  AS  PROTECTION 
FOR  U.  S.  INVENTORS 

W.  R.  WOOLRICH 
University  of  Texas 

The  inventions  that  have  been  granted  patent  protection  by  the  United 
States  since  the  setting  up  of  the  patent  system  have  numbered  well  over 
two  and  one-half  million.  Of  those  patent  grants,  not  over  1  5  percent  have 
been  to  citizens  of  foreign  nations.  For  example,  of  the  3  89,576  patents 
granted  by  the  U.  S.  Patent  Office  in  the  eight  years  from  1930  through 
1937,  only  51,368  or  13.2  percent  were  granted  to  foreigners. 

The  picture  is  quite  different  in  other  industrial  nations.  In  the  same 
period  mentioned  above,  Great  Britain  granted  more  than  50  percent  of 
her  patents  to  foreigners,  while  Italy  granted  63.8  percent  and  Switzerland 
5  5.67  percent  to  inventors  not  their  own  nationals. 

In  the  less  industrialized  nations  of  South  America  the  patenting  of 
inventions  by  foreigners  is  still  more  accentuated.  In  the  eleven-year  period 
from  193  8  through  1948,  Chile  granted  an  average  of  only  257  patents 
per  year;  of  this  number  70.7  percent  were  to  foreigners  and  more  than 
one-half  of  the  foreign  patents  were  to  citizens  of  the  United  States.  Brazil 
in  the  year  1948  granted  1399  patents,  420  of  which  were  to  Brazilian  citi¬ 
zens  and  509  to  citizens  of  the  United  States. 

American  industry  is  so  international  in  its  scope  that  patent  protection 
is  sought  in  the  foreign  areas  to  protect  the  investment  in  established  manu¬ 
facturing  plants  from  unfair  competition.  Most  of  the  highly  industrialized 
nations,  some  forty  in  all,  are  members  of  the  International  Union,"'  more 
commonly  called  the  International  Convention.  Under  the  covenant  of  this 
body  a  code  of  international  ethics  is  followed  by  all  adhering  participants. 
Most  of  the  European  nations  are  adherents  to  the  principles  of  the  Inter¬ 
national  Convention  code,  but  in  South  America,  Brazil  is  the  only  nation 
that  recognizes  the  Convention  as  its  official  ethical  guide. 

Under  the  International  Convention  an  inventor  in  an  adhering  nation 
has  the  privilege  of  applying  for  a  patent  in  any  of  the  member  nations 
within  one  year  of  the  filing  of  his  application  in  his  own  country.  Thus 
the  actual  filing  date  of  the  first  patent  application  in  one  Convention  nation 
may  become  the  effective  filing  date  of  the  second. 

The  International  Union  is  principally  an  international  patents  treaty 
to  which  the  signers  adhere.  Its  effect  is  even  more  widespread  than  to  regu¬ 
late  the  practice  of  its  forty  or  more  adherents  since  many  other  nations 
use  the  Convention  code  as  a  basis  of  policy  for  the  conduct  of  their  respec¬ 
tive  patent  affairs. 

Specifically,  the  International  Union  treaty  includes  a  clarification  of 
the  regulations  that  its  adherents  will  impose  upon  foreign  inventors  and  in 
effect  guarantees  the  foreign  inventor  protection  comparable  to  that  ex¬ 
tended  the  native  patentee. 

*  International  Union  for  the  Protection  of  Industrial  Investments,  organized  May  30,  1887. 
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In  the  parlance  of  patent  attorneys,  nations  that  are  signers  of  the 
International  Convention  treaties  and  violate  the  principle  of  the  treaty 
are  "Mad  Dog”  countries.  In  countries  where  the  national  policies  revert  to 
a  surge  of  violent  nationalism  such  treaty  violations  are  most  noticeable. 

Most  industrial  nations  other  than  the  United  States  include  in  their 
patent  issuance  two  stipulations  not  required  by  our  Government.  The  first 
is  a  requirement  that  within  a  stated  time  the  holder  of  a  patent  of  that 
nation  must  be  working  the  patent.  While  the  definition  of  the  term  "work¬ 
ing”  varies  greatly  from  nation  to  nation,  in  general  it  is  a  requirement 
that  production  and  sale  must  have  been  started  and  maintained  within  the 
country’s  boundaries  within  the  time  limitations  specified  by  the  patent 
agreement — usually  two  or  three  years.  The  second  stipulation  is  that  at 
stated  periods  a  tax  or  continuance  fee  must  be  paid  by  the  patentee  to  keep 
the  patent  agreement  in  force. 

The  working  regulations  as  set  up  by  most  nations  prevent  a  patentee 
from  taking  out  a  patent  just  to  maintain  a  monopoly.  While  it  is  possible 
for  anyone,  native  or  foreign,  to  take  out  a  U.  S.  patent  and  freeze  it 
for  seventeen  years  to  avoid  competition  from  other  inventors,  in  not  many 
other  countries  can  a  citizen  of  the  United  States  enjoy  such  a  privilege. 

The  question  is  very  often  asked  as  to  why  the  United  States  does  not 
invoke  a  similar  working  regulation  to  apply  to  all  inventors.  This  idea 
has  not  passed  unnoticed  by  the  United  States  Patent  Office,  but  it  must 
be  remembered  that  of  the  several  hundred  thousand  patents  currently  in 
effect  in  the  United  States  less  than  1 5  percent  have  been  granted  to  for¬ 
eigners.  Working  regulations  of  any  patent  system  do  impose  some  hard¬ 
ships  on  inventors  with  small  capital  and  it  can  be  expected  that,  if  such  a 
regulation  were  legalized  by  the  United  States  Government,  it  would  seri¬ 
ously  reduce  the  number  of  independent  inventor  patentees. 

The  levying  of  annual  continuance  fees  would  likewise  impose  a  major 
hardship  on  the  independent  patentee.  The  annual  tax  imposed  by  some  of 
the  International  Union  nations  during  the  life  of  the  patent  exceeds  the 
total  cost  of  obtaining  the  original  grant. 

As  an  example  of  the  problems  that  might  face  the  U.  S.  inventor 
aspiring  to  hold  control  of  his  invention  by  letters  patent  in  five  preferred 
foreign  countries  in  addition  to  taking  out  a  patent  in  this  country,  a  re¬ 
view  of  the  major  financial  and  bookkeeping  obligations  is  timely.  The  cost 
for  the  five  foreign  patents  and  the  U.  S.  patent,  including  attorneys’  fees, 
will  probably  average  out  at  a  minimum  of  four  hundred  dollars  per  coun¬ 
try.  In  the  case  of  his  United  States  letters  patent,  the  patentee  could  await 
developments  and  continue  to  provide  further  refinement  to  his  invention. 
But  it  is  most  probable  that,  for  all  of  the  five  foreign-nation  patents  which 
he  plans  to  hold,  he  will  be  required  to  establish  satisfactory  business  con¬ 
nections  in  order  to  have  the  patented  article  manufactured  and  placed  on 
the  market  by  some  industrialist  already  established  in  the  respective  coun¬ 
tries. 

Most  inventors  are  not  in  a  financial  position  themselves  or  through 
business  connections  to  afford  the  time  and  money  necessary  to  follow 
through  on  such  a  program  of  invention  promotion. 
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For  most  inventors  the  sensible  solution  is  to  take  out  letters  patent 
in  the  United  States  and  then,  in  countries  where  it  is  impractical  to  take 
out  foreign  patent  protection,  to  publish  the  full  import  of  the  United 
States  patent  application  other  than  the  date  of  the  application,  which  item 
should  be  kept  a  secret  between  the  inventor  and  his  patent  attorney  until 
the  patent  is  allowed. 

The  laws  of  the  different  International  Union  nations  vary  widely  as 
to  what  constitutes  publication,  but  in  each  of  the  important  industrial 
countries  publication  in  that  country  will  constitute  a  bar  to  others  taking 
out  and  successfully  defending  a  patent  on  the  invention.  Within  the  United 
States  a  bar  to  anyone  taking  out  a  patent  can  be  established  by  publishing  a 
full  description  of  the  invention  in  some  recognized  technical  magazine.  This 
will  void  for  patenting  any  invention  thereafter  conceived  and  will  void 
any  patent  application  filed  on  the  invention  more  than  one  year  later  but 
will  permit  the  inventor  to  make  a  valid  application  on  his  publicized  in¬ 
vention  any  time  within  twelve  months  of  his  first  date  of  public  disclosure. 

In  France  a  patent  is  issued  without  any  claims;  it  is  virtually  a  recog¬ 
nized  right  for  the  patentee  to  establish  claim  to  his  invention  by  suits  with¬ 
in  the  French  courts  and  in  itself  can  develop  into  an  expensive  procedure. 
The  French  place  the  protection  of  the  statement  as  to  the  scope  of  the  in¬ 
vention,  given  in  their  letters  patent,  entirely  in  the  jurisdiction  of  the 
French  courts.  Under  such  a  system  a  foreign  inventor  is  not  well  protected 
by  prior  publication,  but  if  he  is  a  man  of  limited  means  he  probably  is 
more  secure  than  the  man  who  takes  out  a  patent  since  the  cost  of  estab¬ 
lishing  patent  protection  in  the  French  courts  would  probably  be  excessive. 

In  Great  Britain,  Belgium,  the  Netherlands,  Italy  and  the  Scandinavian 
countries,  publication  in  the  scientific  journals  of  each  country  by  an  article 
in  which  the  inventor  gives  a  full  description  of  his  invention  will  constitute 
a  bar  to  others  taking  out  the  patent  in  those  countries. 

For  Switzerland,  there  exists  a  joint  treaty  between  the  United  States 
and  Swiss  governments  which  eliminates,  for  U.  S.  citizens  who  hold  a  U.  S. 
patent,  the  working  restrictions  imposed  by  Switzerland  on  most  other  na¬ 
tional  groups.  This  reduces  the  obligation  of  American  inventors  who  care 
to  take  out  Swiss  patents  after  they  have  made  their  application  for  U.  S. 
letters  patent.  Should,  however,  an  American  inventor  doubt  the  advisability 
of  going  to  the  expense  of  taking  out  a  Swiss  patent,  he  can  establish  a  bar 
to  a  given  patent  being  taken  out  by  others  by  publishing  the  full  report 
of  his  invention  in  Switzerland. 

In  summation,  it  can  be  said  that  full  patent  protection  in  foreign 
countries  is  too  expensive  for  most  independent  United  States  inventors 
unless  they  can  be  assured  a  commensurate  return.  Even  the  Government 
of  the  United  States,  holder  of  many  patents  of  its  employee-inventors,  has 
found  that  the  covering  of  many  of  its  inventions  in  foreign  nations  is  an 
expensive  luxury.  To  many  of  its  employee-inventors,  it  recommends  publi¬ 
cation  in  the  scientific  journals  of  the  foreign  nations  as  an  altenative  to 
foreign  letters  patent. 

For  most  independent  inventors  in  the  scientific  and  engineering  field, 
a  well-supported  U.  S.  patent  complemented  by  publication  in  the  principal 
foreign  countries  would  appear  to  be  the  proper  solution  to  accomplish  inter¬ 
national  patent  protection. 
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It  is  suggested  that  a  statement  of  the  availability  of  the  invented  item 
or  machine  by  export  from  the  United  States  might  be  included  in  the  pub¬ 
lication  of  the  paper  that  sets  forth  the  nature  of  the  invention  as  patented 
through  the  United  States  Patent  Office. 

Corporaions  and  individuals  who  have  established  or  contemplate  estab¬ 
lishing  manufacturing  plants  in  a  foreign  nation  should  as  a  matter  of  course 
seek  full  patent  protection  there.  To  these  groups  the  obtaining  of  a  foreign 
patent  granted  under  terms  of  the  International  Union  is  the  procedure 
most  likely  to  be  most  effective  and  economical. 


“Cloud  Chamber  Photographs  of  the  Cosmic  Radiation.”  G.  D.  Rochester  and  J.  G.  Wilson. 

Pergamon  Press.  70s. 

When  C.  T.  R.  Wilson  invented  his  cloud  chamber  in  1912  he  created 
an  instrument  which  is  unique  in  its  immediate  appeal  to  the  imagination. 
The  cloud  chamber  is  designed  to  make  conditions  such  that  fast-movng 
atomic  particles  produce  visible  tracks  just  as  a  high-flying  aircraft  does 
in  suitable  atmospheric  conditions.  A  fast  particle  as  it  passes  through  the 
chamber  leaves  a  fine  white  line  of  water  droplets  which  quickly  disperse 
and  disappear,  but  can  be  photographed  before  they  do  so.  If  the  cloud 
chamber  is  placed  between  the  poles  of  a  magnet  the  particle  describes  a 
curved  ath,  and  the  curvature  of  its  track  allows  us  to  draw  conclusions 
about  its  size,  speed  and  electric  charge.  Any  collision  or  transformation 
the  particle  might  suffer  on  its  way  through  the  chamber  is  shown  in  all 
detail;  dramatic  star-like  patterns  with  many  tracks  sometimes  appear, 
showing  the  fragments  of  an  atomic  nucleus  which  has  been  struck  and 
broken  up. 

In  the  cosmic  radiation,  very  fast  protons  come  to  us  all  the  time  from 
the  depth  of  space  and  cause  complex  atomic  phenomena  on  striking  ter¬ 
restrial  matter;  particles  appear  such  as  mesons  which  nowhere  else  occur 
in  Nature,  and  the  last  years  have  brought  to  light  an  ever-growing  variety 
of  them.  For  a  study  of  these  comlex  phenomena  the  cloud  chamber  with 
its  wealth  of  circumstantial  detail  is  an  invaluable  tool,  but  not  an  easy 
one  to  handle;  and  in  order  to  get  all  the  information  from  the  photographs 
perfect  performance  is  essential. 

The  purpose  of  the  book  under  review  is  to  show  what  can  be  achieved 
by  perfect  technique.  Produced  by  two  of  the  acknowledged  masters  of  this 
art,  it  contains  more  than  100  cloud  chamber  photographs.  Some  have  been 
included  for  being  the  first  to  show  some  particular  phenomenon;  mostly 
they  have  been  picked  for  technical  perfection  and  for  the  clarity  with 
which  they  demonstrate  various  phenomena  in  cosmic  radiation.  With  each 
picture  goes  a  short  text,  describing  the  conditions  in  which  it  was  obtained 
and  what  conclusions  can  be  drawn  from  it.  These  descriptions  are  addressed 
to  physicists  and  use  their  terminology,  as  the  chief  purpose  of  the  book  is 
to  serve  as  a  guide  and  to  set  a  standard  to  scientists  who  use  cloud  chambers. 

But  surely  the  book  must  be  fascinating  to  many  others,  through  the 
vivid  glimpses  it  offers  of  some  of  the  most  subtle  yet  most  violent  hap¬ 
penings  in  Nature. 


INTERSCHOLASTIC  FOOTBALL  IN  THE 
ELEMENTARY  SCHOOL* 


ELDON  D.  BRINLEY 

Department  of  Health  and  Physical  Education 
Texas  College  of  Arts  and  Industries 

There  is  considerable  emotionalism  connected  with  competitive  sports. 
Not  only  is  this  true  of  the  participants  themselves  but  also  of  spectators 
and  fans  who  are  likewise  affected  by  the  charged  atmosphere.  Certain  re¬ 
cent  events  which  have  made  headlines  in  the  form  of  "fixes55  and  bribes, 
however,  have  had  a  sobering  effect  upon  the  mind  of  many  people.  Athletic 
contests  have  been  spotlighted  in  these  disclosures  with  the  result  that  there 
is  a  slight  tendency  on  the  part  of  the  average  man  to  analyze  the  con¬ 
temporary  situation  somewhat  more  calmly  and  reasonably.  The  present 
trend  of  colleges  to  take  inventory  of  their  athletic  programs  is  but  a  mir¬ 
ror  of  a  general  feeling  that  "all  is  not  well,' 5 

PURPOSE 

The  purpose  of  this  paper  is  to  indicate  the  place  of  interscholastic 
football  in  the  elementary  school  program  (this  might  include  the  junior 
high  as  well)  through  an  analysis  and  evaluation  of  the  sport  as  an  activity. 
The  procedure  used  in  this  study  has  been  through  3  main  avenues:  (1) 
purusal  of  authoritative  literature  on  the  subject;  (2)  analysis  based  upon 
the  experience  and  observation  of  the  writer  and  other  professional  physi¬ 
cal  educators;  and  (3)  use  of  a  questionnaire  to  coaches,  parents,  adminis¬ 
trators,  and  spectators. 

It  must  be  confessed  at  the  start  that  a  problem  of  such  significance 
can  not  be  adequately  dealt  with  in  a  paper.  This  treatise  is  of  necessity 
very  brief,  and  is  only  indicative  of  the  hugeness  of  the  problem.  It  is 
hoped,  however,  that  what  is  presented  herein  will  be  thought-stimulating 
to  those  responsible  for  the  educational  guidance  of  American  children,  and 
that  it  will  be  the  cause  for  a  re-evaluation  of  any  elementary  school  pro¬ 
gram  that  includes  interschool  athletics.  What  is  said  here  of  football  is  for 
the  most  part  true  of  similar  competitive  team  sports. 

EDUCATIONAL  ASPECTS  OF  FOOTBALL 

Athletics  have  long  been  recognized  for  their  positive  benefits  when 
used  as  educational  media  in  their  proper  place  and  under  appropriate  con¬ 
ditions.  Football  is  no  exception  to  this  concept,  for  in  what  other  sport  can 
actual  life  situations  and  experiences  be  so  closely  simulated?  Here  is  an 
activity  in  which  the  player  can  learn  to  "give  and  take,55  win  and  lose, 
and  stand  up  under  the  pressure  of  competition.  He  may  become  socially 
acclimated,  receive  excellent  disciplinary  training,  and  learn  to  face  reality. 

The  writer  is  fully  conscious  of  the  justification  for  football  in  the 
school,  and  has  been  both  a  player  and  coach  for  several  years.  This  prospec¬ 
tus  is  no  attempt  to  belittle  football,  but  to  indicate  its  place  in  the  ele¬ 
mentary  school  program.  However,  all  athletic  competition  should  be  con¬ 
ducted  in  accordance  with  the  needs,  capabilities,  and  interests  of  growing 
children.  To  conserve  and  promote  the  activities  which  are  good  for  the 
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children  of  the  nation  is  the  prime  concern  of  every  honest  educator.  Con¬ 
versely,  activities  which  are  detrimental  or  negatice  to  youngsters’  interests 
should  be  discouraged  or  modified.  Athletics  and  sports  (Nash,  1942)  are 
ideal  for  the  building  of  morale  in  a  democracy,  but  they  are  also  ideal  for 
destroying  it. 

OBJECTIVES  AND  CONTENT  OF  THE  PROGRAM 

The  Society  of  State  Physical  Education  Directors  have  gone  on  record 
as  favoring  a  well-rounded,  non-interschool  competitive  type  of  program. 
Physical  education  in  elementary  and  junior  high  schools  (Proceedings  of 
54th  Annual  Convention,  1949)  should  stress  a  well-rounded  program  of 
instruction  for  all  children  and  for  as  many  as  possible,  an  interesting,  ex¬ 
tensive  program  of  intramural  competition  on  team,  dual  and  individual 
sports  supplemented  by  sport  and  play  days. 

A  perusal  of  any  modern,  up-to-date,  and  authoritative  treatise  on 
elementary  school  physical  education  programs  (Curtis,  et  ah,  1949)  finds 
the  provision  for  a  large  variety  of  activities  and  skills  in  various  areas 
such  as  rhythms,  calisthenics,  free  movement,  mimetics,  games,  contests, 
posture  exercises,  and  lead-up  skills  for  sports.  The  emphasis  is  definitely 
upon  instruction  and  practice  of  basic  fundamentals,  and  away  from  special¬ 
ization. 

The  Society  of  State  Physical  Education  Directors  (Proceedings,  1949) 
sets  down  the  following  objectives  and  policies  for  the  program. 

1.  Reaffirm  its  strong  and  unequivocal  support  of  a  well-rounded 
program  of  instruction  in  physical  education  for  all  children  and  youth. 

2.  Re-emphasizes  its  interest  in  and  support  of  interesting,  challeng¬ 
ing  intramural  programs  for  boys  and  girls  of  upper  elementary  and  high 
school  grades  in  as  large  numbers  as  possible. 

3.  Decries  any  interschool  athletic  activity  which  tends  to  discourage 
or  limit  the  development  of  the  instructional  or  intramural  program. 

4.  Encourages  play  days  and  sport  days. 

Highly  organized  competitive  athletic  leagues  are  not  desirable  for 
children  and  youth  of  elementary  and  junior  high  school  are  (grades  1-8). 

CONSIDERATION  OF  YOUNGSTERS 

Youth  thrive  on  activity,  which  nature  has  provided  through  play  as 
a  means  to  develop  the  organic  structure  of  the  body  to  its  optimum  capac¬ 
ity.  Play,  however,  is  an  activity  that  carries  its  own  drive,  not  dependent 
upon  artificial  stimulation.  A  youngster  doesn’t  know  why  he  plays  a  game; 
he  thinks  "it’s  just  fun.”  Play  to  a  child  is  an  end,  not  a  means  to  an  end. 
He  periodically  takes  rest  periods  during  activity.  Nature  intended  that 
"King’s  X”  be  a  part  of  every  game  in  one  form  or  another.  Nash  (1942) 
quotes  the  famous  Dr.  Dill  of  Harvard  Fatigue  Laboratory  who  says  that 
young  boys  play  until  they  become  tired;  when  play  becomes  unpleasant, 
they  rest — boys  running  on  the  treadmill  will  stop  before  their  blood  lactate 
has  reached  high  levels. 

Pupils  in  the  later  childhood  (6-12)  or  elementary  school  age  have 
definite  physical  and  mental  characteristics  which  should  be  taken  into 
consideration  in  planning  the  program.  A  noted  authority  in  this  field 
(Mitchell,  1948)  maintains  that  play  is  conspicuous  on  every  hand  up  until 
the  ages  of  ten  and  twelve.  The  activities  of  this  period  are  largely  indi¬ 
vidualistic- — are  more  of  the  self -testing  and  individual  competition  type 
rather  than  of  the  team  type — the  outstanding  characteristics  of  this  period 
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is  the  wide  scope  and  variety  of  activities  engaged  in.  He  goes  on  to  say 
about  the  early  adolescence  (12-15),  junior  high  age  that  the  wish  for  par¬ 
ticipation  becomes  strongly  evident — -the  physical  activity  program  in  this 
period  should  be  generalized  in  nature,  providing  every  boy  and  girl  with 
the  opportunity  to  participate  in  many  activities  rather  than  to  specialize 
in  one  or  two  to  the  neglect  of  other  early  specialization  is  gained  at  the 
expense  of  general  all-round  ability — at  this  age  the  liability  to  overstrain 
in  the  excitement  of  varsity  competition  and  in  the  zeal  for  victory  is 
greater. 

When  such  a  youngster  is  placed  in  interscholastic  contests,  play  be¬ 
comes  a  means  to  an  end  rather  than  an  end  itself.  This  situation  inter¬ 
feres  with  the  natural  organic  rhythm  of  the  individual.  Being  cheered  on 
by  the  crowd  is  hardly  a  time  to  call  "King’s  X.”  Thus  in  a  dynamic  at¬ 
mosphere  dominated  by  spectators  and  fans  the  pupil  may  drive  himself 
on  to  "die  for  dear  old  Siwash”  rather  than  follow  the  dictates  of  his  nat¬ 
ural  impulses.  Children  have  a  tendency  to  ape  the  behavior  patterns  of 
older  folk  and  this  tendency  provides  a  two-edged  sword  when  it  is  un¬ 
checked.  Children  play  with  guns,  tanks,  and  planes  during  a  war  period, 
but  this  does  not  mean  that  they  should  actually  operate  these  weapons 
under  real  conditions.  Likewise,  a  boy  is  thrilled  at  the  opportunity  of  play¬ 
ing  football  and  similar  games  with  his  playmates,  but  this  does  not  au¬ 
thorize  a  "coach”  to  mold  a  group  of  youngsters  into  a  "varsity”  machine, 
with  all  the  actual  practice  and  game  situations  of  the  college  squad. 

VULNERABLE  AGE 

One  of  the  outstanding  orthopaedic  surgeons  of  this  nation— -who  is 
also  on  the  physical  education  staff  of  the  University  of  Southern  California 
— in  a  study  in  1946  polled  (Lowman,  1947)  900  orthopaedists  regarding 
athletic  activities  of  adolescents.  Approximately  75%  of  these  specialists 
agreed  that  interscholastic  athletic  competition  should  be  discouraged,  and 
that  in  a  program  for  adolescent  youngsters  fatigue  and  body-contact  sports, 
particularly  football,  be  ruled  out.  Football  was  considered  to  be  an  unsafe 
sport  except  by  very  small  percentage  of  the  orthopaedists.  Mcst  of  those 
who  were  not  against  football  as  a  sport  for  these  pupils,  gave  qualifying  an¬ 
swers,  such  as  that  certain  improvements  in  athletic  programs  are  indicated 
— interscholastic  athletics  at  this  age  should  have  no  publicity,  the  players 
should  be  carefully  chosen,  and  the  emphasis  should  be  placed  on  the  pleas¬ 
ure  of  the  game  rather  than  on  winning  it. 

Dr.  Thomas  E.  Shaffer,  Ohio  State  University  physician  and  professor 
(1951)  of  the  Department  of  Pediatrics  says  that  most  high  school  sports 
are  hazardous  for  growing  bodies  and  accidents  are  common.  The  pressures 
and  strains  of  a  pseudo-collegiate  setting  add  to  the  inherently  dangerous 
situation.  The  adolescent,  in  whom  one  finds,  at  the  time,  growing  bones 
which  temporarily  outdistance  more  slowly  growing  muscles — is  not  ideally 
suited  for  bruising,  fatiguing  activities. 

Dr.  W.  L.  Hughes,  head  of  physical  education  at  Temple  University 
(1950)  in  an  article  sponsored  by  the  American  Academy  of  Physical 
Education  says  that  highly  organized  high  pressure  athletes  have  no  place 
in  the  elementary  schools.  It  is  not  a  question  of  denying  athletic  compe¬ 
tition  to  elementary  school  children  but  rather  a  question  as  to  the  nature 
of  such  competition- — elementary  children  are  not  mature  enough  to  play 
football. 
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Dr.  Floyd  A.  Rowe,  Directing  Supervisor  Bureau  of  Physical  Welfare 
of  the  Cleveland  schools  in  a  rather  extensive  study  of  controlled  groups 
found  that  boys  competing  in  athletics  did  not  gain  as  much  in  height, 
weight,  and  lung  capacity  as  did  a  comparable  group  of  boys  in  the  same 
school  who  were  not  taking  part  in  the  competitive  athletic  program.  The 
implications  of  this  unpublished  experiment  were  that  athletics  at  this  age 
had  questionable  health  merits. 

POSTURE 

One  of  the  prime  objectives  of  physical  activities  in  the  elementary 
school  is  the  promotion  of  good  posture.  Fundamentally,  football  develops 
the  flexor  body  muscles  at  the  expense  of  the  extensors.  Each  skeletal  muscle 
has  an  antagonist  and  both  of  these  opposing  muscles  should  be  developed 
equally  to  insure  against  imbalance  and  for  the  development  of  proper  body 
mechanics.  Since  some  physical  education  directors  in  elementary  schools 
devote  a  large  part  of  the  program  to  football  skills,  it  is  desirable  that  a 
like  amount  of  time  be  allotted  to  other  activities  which  tend  to  develop 
extensor  muscles.  Unless  this  is  done  during  the  vulnerable  years  the  result 
will  be  to  exaggerate  poor  body  posture  and  tend  toward  a  "muscle  bound” 
and  skeletal  mal-aligned  individual.  This  does  not  take  into  consideration 
the  injuries  incurred  in  football,  which  is  an  additional  problem.  It  has  been 
shown  conclusively  (A.  M.  A.,  1950)  that  the  younger  the  athlete  the 
more  likely  he  is  to  be  injured. 

The  Society  of  State  Physical  Education  Directors  approved  two  im¬ 
portant  resolutions  representing  careful  thinking  on  this  matter. 

1.  Inasmuch  as  pupils  below  the  10th  grade  are  in  the  midst  of  the 
period  of  most  rapid  growth,  with  the  consequent  bodily  weaknesses  and 
maladjustments,  partial  ossification  of  bones,  mental  and  emotional  stresses, 
physiological  readjustments,  and  the  like,  be  therefore  resolved  that  the 
leaders  in  the  field  of  physical  and  health  education  should  do  all  in  their 
power  to  discourage  interscholastic  competition  at  this  age  level,  because 
of  its  strenuous  nature. 

2.  Be  it  further  resolved  that  where  school  systems  continue  to  fosten 
a  program  of  interscholastic  sports  competition  for  pupils  below  the  10th 
grade,  that  they  be  urged  to  limit  it  to  pupils  who  are  physiologically  mature 
as  measured  by  Roentgen  pictures  of  the  degree  of  carpal  bone  ossification, 
advanced  chronological  age  plus  beard  growth,  or  some  other  such  indication 
of  physiological  maturity. 

Dr.  Fred  V.  Hein,  Consultant  in  (1948)  Health  and  Fitness  for  the 
American  Medical  Association  wrote  a  personal  letter  to  the  writer  sum¬ 
marizing  more  in  detail  the  stand  of  the  AMA  concerning  discouragement 
of  interscholastic  sports  in  the  elementary  school. 

LEADERSHIP 

It  is  an  axiom  in  educational  philosophy  that  the  best  possible  leader¬ 
ship  is  desirable  for  the  youth  on  the  elementary  level.  These  pupils  are  in 
the  pre-adolescent  and  formative  state  physically,  emotionally,  and  other¬ 
wise,  and  need  the  most  understanding  and  capable  guidance.  Leadership 
in  athletics  at  the  secondary  level  in  some  cases  is  questionable,  but  most 
elementary  schools  do  not  have  qualified  leaders  at  the  head  of  the  physical 
education  program.  A  capable  leader  is  not  merely  a  person  who  has  played 
varsity  or  professional  football  but  specifically  is  an  individual  who  is  well- 
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grounded  educationally  in  the  professional  field  of  physical  education,  health 
and  allied  fields,  with  a  scientific  background  necessary  to  understand  the 
physiology,  psychology  and  kinesiology  of  such  an  impressionable  age  group. 
The  reason  for  this  is  that  athletics,  unlike  most  other  subjects  in  the  school, 
carry  continuous  potentialities  for  physical  injury  to  the  pupil. 

Many  of  the  present  football  coaches  in  Texas  high  schools  are  not 
majors  in  physical  education.  Fewer  of  the  elementary  school  football 
coaches  are  educationally  prepared.  Unless  better  leadership  is  available  in 
the  elementary  school,  football  as  a  part  of  the  program  should  not  be 
attempted.  Some  authorities  believe  that  even  then  it  can  not  be  justified. 
Many  states,  such  as  New  York,  do  not  permit  anyone  to  coach  athletic 
teams  in  its  schools  who  is  not  a  major  in  physical  education  properly  cer¬ 
tified. 

The  author  observed  one  elementary  school  in  South  Texas  whose 
coach  did  not  speak  to  his  boys  for  several  days  because  they  lost  the  game. 
In  practice  he  called  them  "yellow  bellies”  because  of  this  defeat.  One  school 
board  member,  partially  condoning  the  above  situation,  admitted  that  it  was 
not  good,  but  commented  that  this  coach  demanded  a  winner  for  the 
school,  and  insisted  that  the  boys  come  through.  This  is  not  an  isolated 
case,  nor  the  only  one  in  which  the  coach  expects  collegiate  tackling  and 
blocking  from  a  group  of  boys  who  are  physically  incapable  under  any 
conditions  of  satisfying  such  expectations.  There  is  little  chance  to  break 
through  such  a  situation  in  areas  where  football  is  over-emphasized. 

VALUES  BETTER  SECURED  ELSEWHERE 

If  elementary  school  interscholastic  football  were  the  only  means  of 
securing  the  many  values  claimed  for  it  by  its  supporters,  the  sport  might 
be  somewhat  justified  in  spite  of  its  negative  aspects.  However,  most  of 
the  positive  values  accorded  to  the  game  by  its  proponents  could  be  found 
in  other  parts  of  the  program,  if  such  a  program  exists.  Dr.  Wolff  e  (1947) 
says  it  is  deplorable,  too,  that  in  the  elementary  schools,  where  supervised 
vigorous  physical  activity  is  of  particular  value  the  program  is  in  most 
instances  the  least  developed. 

Physical  education  authorities  maintain  that  (Curtis,  1948)  intramural 
athletics  are  superior  to  interschool  athletics  in  that  a  greater  number  of 
students  may  benefit.  In  interschool  athletics  only  the  select,  superior  few 
may  experience  the  joy  of  participation  while  many  are  left  the  role  of 
the  passive  spectators. 

Lowman  (1947)  believes  that  physical  education  might  better  direct 
its  efforts  toward  development  of  the  child  in  respect  to  posture,  calisthen¬ 
ics,  coordination,  strength,  and  control  through  slow  training  during  the 
years  of  physiological  immaturity.  Basic  training  in  sports  could  be  given 
without  emphasis  on  competition.  More  attention  would  thus  be  given  to 
a  non-team  child  who  represents  the  greater  number  and  the  greater  need. 
The  value  of  such  a  program  would  have  to  be  understood  and  accepted 
by  supervising  teachers,  coaches,  sport  writers,  school  heads,  and  parents. 

OTHER  CONSIDERATIONS 

Many  school  administrators  with  whom  the  writer  has  discussed  the 
matter  have  grave  doubts  as  to  whether  the  time  and  money  spent  on  inter¬ 
school  football  of  youngsters  can  be  justified.  They  are  caught  in  the  web 
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of  popular  feeling,  and  are  in  many  instances  almost  powerless  to  change 
the  pattern.  Many  of  the  enthusiastic  proponents  of  elementary  school  foot¬ 
ball  are  coaches,  most  of  whom  are  seeking  to  better  themselves  and  be 
"promoted”  to  more  lucrative  positions  "higher  up.”  Other  rabid  supporters 
are  fans  and  sport  writers  who  have  personal  interest  involved  and  are 
unqualified  to  understand  the  situation.  "The  school  is  for  the  child”  is 
mouthed  by  far  too  many  who  apparently  forget  the  child  under  outside 
pressure. 

Many  coaches  are  under  the  impression  taht  by  starting  a  boy  in  spe¬ 
cialized  football  in  the  elementary  school  a  better  high  school  and  college 
player  will  be  developed.  Such  a  thesis  can  not  be  documented  or  general¬ 
ized  from  psychological  studies  either  in  football  or  in  other  subjects. 

Some  individuals  believe  that  the  best  training  possible  for  an  elemen¬ 
tary  child  is  football.  There  are  doubtless  some  merits  to  be  gained  by 
specializations,  but  it  is  questionable  whether  it  is  wise  to  substitute  "quality 
for  quantity”  so  far  as  participation  at  this  age  level  is  concerned.  The 
emphasis  upon  too  much  specialization  may  be  paid  for  in  other  ways.  Foot¬ 
ball  too  often  provides  the  opposite  setting  from  that  desired;  namely,  one 
of  exploitation  of  the  child. 

Football  under  interschool  conditions  is  thought  by  some  to  be  a  nat¬ 
ural  motivator,  which  is  only  a  part-truth.  It  is  true  that  most  boys  prob¬ 
ably  want  to  play  football  informally,  but  the  real  danger  appears  when 
they  are  driven  beyond  their  natural  inclinations  by  being  put  on  a  team 
which  "pressurizes”  the  individual  by  the  group.  Primary  incentives  for  a 
boy  to  play  on  the  team  are  the  social  prestige  gained  in  the  eyes  of  his 
fellows,  the  cheers  of  the  crowd,  the  pressure  of  the  coach,  and  the  moti¬ 
vation  provided  by  outsiders  not  fundamentally  interested  in  the  child. 

Football  is  undemocratic  to  the  extent  that  the  cost  becomes  out  of 
proportion  to  the  number  benefiting  from  the  program  in  comparison  to 
other  activities.  If  the  same  amount  of  time,  money,  and  effort  were  spent 
in  the  development  and  promotion  of  a  program  for  all  boys  and  girls,  it 
is  believed  that  far  greater  benefits  and  results  would  be  achieved.  J.  B. 
Nash,  eminent  physical  education  authority  (1942)  comments  that  when¬ 
ever  individuals  are  sacrificed  for  the  purpose  of  adding  glory  to  the  coach 
or  to  an  institution,  whenever  playing  opportunities  are  not  equalized  for 
all  young  people- — then  athletics  tend  to  destroy  morale.  Football  has  been 
one  of  our  greatest  offenders.  One  undemocratic  tendency  has  been  to  pro¬ 
vide  athletics  for  a  relative  few. 

Studies  by  the  writer  and  co-worker  (1951)  have  shown  that  a  large 
proportion  of  a  student’s  time  is  taken  for  football  practice.  For  what? 
Preparation  to  win  the  game.  The  carry-over  value  of  football  in  after¬ 
school  years  is  almost  nil.  Youngsters  ought  not  to  devote  too  large  amounts 
of  time  to  any  activity  when  there  are  so  many  pursuits  and  skills  to  be 
learned.  Too  much  specialization  in  the  early  years  is  not  desirable.  This  is 
certainly  true  of  big  muscle  sports  without  taking  into  consideration  other 
so-called  extra-curricular  activities  such  as  music,  rhythms,  art,  arts  and 
crafts,  dramatics,  and  nature  study.  The  experience  of  some  athletes  (Jack- 
son,  1951)  who  have  "gone  through  the  mill”  would  seem  to  substantiate 
this  viewpoint. 

Space  does  not  permit  the  citing  of  mountains  of  additional  evidence. 
Those  responsible  for  the  promotion  of  interscholastic  athletics  in  the 
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elementary  school,  however,  are  urged  to  study  the  problem  carefully  and 
to  re-evaluate  their  programs  in  the  light  of  all  evidence. 

CONCLUSION 

The  significance  of  this  and  similar  studies  is  that  while  one  may 
recognize  the  tremendous  educational  and  recreational  potentiality  and 
benefits  of  football  as  an  American  sport  both  to  participant  and  specta¬ 
tor,  it  has  little  or  no  place  on  the  elementary  school  program  as  an  inter¬ 
school  contest.  Interscholastic  football  at  this  level  brings  with  it  far  more 
disadvantages  than  advantages;  its  liabilities  far  outweigh  the  assets. 

The  elementary  school  physical  education  program  should  include  for 
both  sexes  a  wide  range  of  so-called  "natural”  activities,  which  include  the 
basic  fundamentals  of  running,  jumping,  dodging,  hanging,  balancing, 
skipping,  climbing,  throwing,  batting,  catching,  hopping,  and  walking.  This 
may  be  accomplished  through  an  informal  and  interesting  program  of 
games,  relays,  contests,  and  self-testing  activities  to  take  place  in  the 
classes,  as  well  as  in  intramurals,  play  days,  and  get-togethers,  recesses  and 
other  recreational  and  instructional  periods. 

If  a  page  from  history  may  be  extracted,  it  will  show  that  great 
civilizations  like  Greece  and  Rome  deteriorated  when  the  emphasis  shifted 
from  the  participant  to  the  spectator.  An  almost  perfect  correlation  exists 
between  the  rise  of  spectator  events  and  the  decline  of  civilization.  This 
has  far-reaching  implications  in  contemporary  society  other  than  in  physical 
education;  it  exists  in  other  areas  such  as  business,  education,  religion,  and 
government.  The  force  becomes  overwhelming  if  the  pattern  is  allowed  to 
become  predatory. 

It  becomes  the  responsibility  of  scientifically  trained  men  and  women 
to  analyze  such  problems  as  this  one,  and  to  guide  educators  into  making 
sane  decisions.  Football  at  the  elementary  level,  if  left  to  the  emotional 
thinking  of  fans,  sport  writers,  proud  but  uninformed  parents,  and  similar 
supporters,  may  do  untold  harm  to  a  youngster  at  a  vulenrable  age.  Rather 
should  a  program  be  instituted  based  upon  scientific  principles  and  sound 
thinking  by  well-trained  leaders  charged  with  the  health  and  well-being 
of  the  youth  of  the  nation. 

Those  further  interested  in  this  problem  may  obtain  gratis  from  the 
writer,  a  bibliography  and  other  source  material. 
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AN  EDUCATIONAL  ACTIVITY  CONCERNED 
WITH  RADIOLOGICAL  HEALTH  PROTECTION* 


MARTIN  C.  WUKASCH,  M.  S. 

Texas  State  Department  of  Health 

Industrial  hygiene  services,  the  phase  of  public  health  which  is  primarily 
concerned  with  the  protection  and  promotion  of  the  health  of  employees, 
had  its  beginning  in  the  Texas  State  Department  of  Health  in  1936.  After 
preliminary  surveys  were  completed  to  establish  the  type  and  extent  of  po¬ 
tentially  hazardous  occupational  exposures,  more  tangible  services  developed 
in  regard  to  environmental  studies  of  a  quantitative  nature,  laboratory  ser¬ 
vices  and  health  education. 

To  the  classical  toxic  agents  such  as  benzene,  carbon  tetrachloride,  free 
silica,  and  the  heavy  metals,  which  still  continue  to  be  disregarded  too  fre¬ 
quently,  there  now  has  been  added  to  our  responsibilities  the  health  hazards 
associated  with  ionizing  radiations  and  the  handling  of  radioactive  isotopes. 
With  the  availability  of  portable  survey  instruments,  increasing  attention  is 
now  being  given  to  this  new  field  of  endeavor. 

To  dispel  any  doubts  as  to  the  extent  of  radiological  health  exposures  in 
Texas  today,  Dr.  Geo.  W.  Cox,  your  State  Health  Officer,  has  asked  me  to 
report  the  following  data: 

1.  AEC-supplied  radioisotopes  users  in  Texas  through  June  30,  1951 
number  5  6  individuals  and  represent  over  615  separate  shipments  during  the 
past  fiscal  year.  An  analysis  of  these  users  by  types  indicates  21%  industrial, 
20%  institutional,  and  59%  medical  and  health  where  the  latter  classifica¬ 
tion  includes  medical  institutions  and  colleges.  No  exact  information  is 
available  concerning  the  total  number  of  diagnostic  and  therapeutical  medi¬ 
cal  or  industrial  x-ray  machines.  Similar  information  is  lacking  on  shoe¬ 
fitting  fluoroscope  devices,  which  we  would  estimate  at  approximately  200 
since  12  5  have  been  studied  in  areas  where  we  have  active  field  industrial 
hygiene  services.  The  U.  S.  Radium  Corporation  has  reported  to  us  the  in¬ 
stallation  of  129  radium  static  eliminators  principally  on  teletype  machines. 
Information  is  also  lacking  concerning  quantity  and  location  of  radioisotopes 
obtained  from  other  commercial  sources  and  those  which  may  have  been 
produced  by  high  energy  machines,  but  these  are  known  to  exist. 

2.  Preliminary  studies  have  revealed  a  number  of  glaring  deficiencies  in 
radiological  health  practices  and  include: 

a.  Defective  or  unapproved  shoe-fitting  devices  in  approximately 
90%  of  those  studied. 

b.  Improper  storage  or  handling  of  static  eliminators. 

c.  A  number  of  admitted  cases  of  personal  radiation  injury,  pri¬ 
marily  on  hands. 

d.  Inadequate  shielding  or  improper  operational  procedures  in  ap¬ 
proximately  half  of  the  x-ray  installations  studied. 

e.  A  lack  of  information  on  basic  radiological  health  principles  or 

*  Presented  to  Texas  Academy  of  Science,  Radioactive  Isotypes  Symposium,  The  University 
of  Texas,  Austin,  December  8,  1951. 
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a  lack  of  their  appreciation  by  most  technicians  or  operators. 

£.  A  most  frequent  absence  of  exposure  records  and  the  required 
devices,  either  pocket  chambers  or  film  badges,  to  evaluate  this. 

It  is  a  well  known  fact  that  the  scientist  who'  works  with  radioactive 
substances  or  ionizing  radiations  too  often  ignores  personal  hazards  to  achieve 
experimental  results.  This  also  applies  to  technicians  and  laboratory  helpers 
and  has  been  repeatedly  demonstrated  in  early  experiences  with  radiation 
injury  among  radiologists  and  other  workers.  Dr.  Cox  sincerely  feels  that  a 
continuous  educational  program  should  be  maintained  for  the  previously 
stated  needs  and  that  due  consideration  be  given  to  the  future  when  the  in¬ 
dustrial  application  of  nuclear  energy  poses  increasing  occupational  exposures 
now  experienced  chiefly  by  the  research  worker. 

As  a  single  isolated  phase  of  one  of  our  radiological  educational  activi¬ 
ties,  early  this  year  a  series  of  kodachrome  slides  were  prepared  from  water- 
color  posters.  Helpful  suggestions  were  obtained  from  one  of  the  AEG 
publications."'  The  slides  were  designed  both  to  overcome  a  feeling  of  fear 
among  certain  workers  who  ordinarily  are  not  qualified  to  evaluate  radiation 
hazards  quantitatively  and  think  of  radiation  being  harmful  regardless  of 
quantity,  and  also  to  develop  a  feeling  of  respect  in  the  individual  whose 
attitude  is  "what  you  can’t  see  will  not  hurt  you.”  Although  the  slides 
were  purposely  kept  simple  to  apply  to  a  larger  lay  audience,  they  can  be 
presente  with  varying  amounts  of  commentary  by  a  lecturer.  It  will  be 
noted  that  scientific  terminology  is  strikingly  absent  and  that  the  most 
technical  word  used  is  x-ray,  which  is  now  generally  understood  by  all 
workers.  Duplicate  sets  of  these  slides  are  available  in  Austin,  San  Antonio, 
Houston,  Fort  Worth  and  Tyler,  and  may  be  obtained  for  loan  by  applying 
to  the  State  Health  Officer.  Inquiries  concerning  any  radiological  health 
problems  or  services  are  also  welcomed. 

(Exhibition  of  36  colored  cartoon  slides) 

*  Radiation  Safety  Primer,  NYO-1520,  June  19,  1950. 


Sun,  Moon  and  Planets.  Roy  K.  Marshall.  Henry  Holt  and  Company,  New  York.  $2.50. 

Doctor  Marshall,  TV’s  science  expert,  in  this  latest  book  simplifies 
and  explains  the  complexities  of  the  world  in  which  we  live. 

It  is  a  concise  and  fascinating  introduction  to  our  solar  system  and 
some  idea  of  the  general  set  up  may  be  gained  from  the  chapter  headings, 
"The  Universe  We  Live  In”,  "The  Paths  of  the  Planets”,  "Exploring  the 
Planets”,  "The  Earth’s  Atmosphere”,  "The  Moon’s  Motion”,  "Eclipses”, 
"A  Trip  to  the  Moon”,  "Satellites  of  Other  Planets”,  "Measuring  the  Uni¬ 
verse”,  "The  Sun”,  "Sun  Spots  and  Their  Effects”,  "The  Little  Planets”, 
"Meteors  and  Meteorites”,  "Comets”,  and  "The  Law  of  Gravitation”. 

Marshall,  a  member  of  numerous  astronomical  societies,  is  apparently 
one  of  those  rare  scientific  observers  with  the  ability  to  translate  what  he 
has  learned  in  technical  terms  into  the  everyday  language  of  most  readers. 
This  book  is  modem  scientific  knowledge  in  everyday  language. 

Well  illustrated  with  line  drawings  by  the  author  it  is  an  informative 
little  volume  which  in  these  days  of  guided  missiles  and  projected  trips  to 
the  moon  may  well  serve  to  give  the  man  in  the  street  a  better  understanding 
of  the  universe  which  surrounds  him. 


THE  CONSERVATION  OF  WATER, 

A  MAJOR  CONSIDERATION  IN  THE  FUTURE 


WILLIAM  F.  HUGHES 

Bureau  of  Agricultural  Economics,  U.  S.  Dept.  Agriculture 
A  &  M  College  of  Texas 

The  subject  of  this  paper  differs  somewhat  from  that  assigned:  The 
Conservation  of  Water,  A  Major  Consideration  in  the  Future  of  Texas  Agri¬ 
culture.  The  subject  has  been  broadened  on  the  grounds  that  the  objectives 
of  water  conservation  are  not  susceptible  of  attainment  through  a  single 
interest  approach,  however  meritorious  it  may  be. 

In  support  of  this  contention,  it  is  necessary  to  place  water  conservation 
in  its  proper  niche,  define  its  objectives  and  to  point  up  the  conflict  of 
interests  involved  in  attaining  the  defined  objective.  Following  a  discussion 
of  these  general  considerations,  a  few  specific  recommendations  will  be 
offered. 

In  this  connection,  the  conservation  of  water  per  se  constitutes  only 
one  related  component  of  the  overall  natural  resource  conservation  program. 
Moreover,  the  conservation  of  water  involves  the  consideration  of  a  number 
of  interrelated  facets  of  the  subject  no  one  of  which  can  be  satisfactorily 
treated  alone.  In  the  preliminary  phases  of  the  approach,  irrespective  of  the 
purpose,  it  is  necessary  to  treat  each  individual  purpose  separately.  The 
specific  objectives  of  the  individual  purposes  must  be  harmonized  in  the 
secondary  phases  if  the  objectives  of  water  conservation  are  to  be  attained. 

The  stated  objectives  of  the  overall  conservation  program  are  varied, 
likewise,  the  objectives  of  water  conservation  are  subject  to  various  inter¬ 
pretations,  depending  on  the  particular  interest  of  the  individual  concerned. 
If  the  objective  of  water  conservation  is  defined  as  the  use  of  water  resources 
that  will  yield  the  largest  measure  of  benefit  over  the  longest  practicable 
period  of  time,  it  becomes  obvious  that  purpose,  place  and  time  elements 
are  involved.  In  the  process  of  attaining  this  defined  objective,  certain  con¬ 
flicts  of  interest  must  be  resolved.  Inasmuch  as  the  scene  is  constantly  shift¬ 
ing,  a  solution  advanced  under  one  set  of  circumstances  is  not  likely  to 
suffice  in  a  changed  environment.  Consequently,  although  it  is  necessary 
to  maintain  a  certain  amount  of  inflexibility  in  a  program  once  it  has  been 
initiated,  provisions  for  subsequent  revision  are  essential. 

The  nature  of  conflicting  interests  involved  can  be  indicated  by  the 
various  uses  of  water.  These  are  so  numerous,  complex  and  interrelated  that 
their  cataloging  constitutes  an  almost  endless  task.  Generally,  however, 
these  uses  can  be  broadly  classified  as  beneficial  or  nonbeneficial,  depending 
on  the  contribution  or  lack  or  contribution  a  particular  use  may  make  to 
society  in  general. 

The  beneficial  use  classification  may  be  further  subdevided  into  con¬ 
suming  and  non-consuming  uses  in  the  sense  that  some  forms  of  water  use 
deplete  the  supply  for  other  purposes,  whereas  in  others  the  supply  is  not 
materially  impaired  in  either  quantity  or  quality. 

The  more  important  beneficial  uses  are  classed  among  the  consuming 
uses.  In  the  allocation  of  water  resources,  water  for  human  and  animal  con- 
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sumption  is  always  accorded  a  higher  preference  than  that  for  irrigation 
purposes,  and  therein  lies  a  potential  interest  conflict. 

The  non-consumptive  water  uses — power,  navigation,  recreation  and 
for  fish  and  wild  life  purposes — inasmuch  as  they  do  not  impair  the  supply 
for  other  purposes,  are  accorded  a  less  preferred  status. 

The  chief  non-beneficial  uses  of  water  are  flood  control  and  drainage. 

As  the  foregoing  suggests,  a  given  amount  of  water  can  be  made  to 
serve  several  purposes,  providing  these  uses  are  coordinated.  The  coordination 
can  be  obtained  through  a  simultaneous  use  or  through  a  sequence  of  uses, 
but  it  must  be  anticipated  and  provided  for  as  coordination  does  not  gener¬ 
ate  itself  spontaneously. 

Drainage  constructions  seldom  lend  themselves  to  inclusion  with  other 
forms  of  water  control  or  improvement.  In  contrast,  flood  control  efforts, 
although  they  are  somewhat  incompatible  with  other  water  control  or  im¬ 
provement  purposes,  are  usually  combined  with  these  purposes  in  a  single 
undertaking.  Because  of  these  conflicts,  some  sacrifice  of  potential  individual 
water  use  benefits  is  inherent  in  the  multi-purpose  approach.  The  total  bene¬ 
fits  that  may  be  realized,  however,  are  likely  to  be  much  greater  than  those 
which  might  be  realized  at  an  equivalent  unit  cost  through  a  single  purpose 
construction. 

Another  item  that  merits  consideration  in  connection  with  the  various 
forms  of  water  use  is  waste.  Waste,  like  conservation,  is  subject  to  various 
interpretations,  depending  on  the  point  of  view  taken.  A  certain  amount 
of  water  loss  necessarily  accompanies  all  forms  of  water  use.  These  losses 
may  be  minimized,  but  seldom  if  ever  can  they  be  eliminated. 

From  time  to  time  the  charge  of  waste  is  leveled  against  water  users 
in  general  or  against  certain  classes  of  water  users.  Generally,  these  are  un¬ 
supported  charges  in  which  the  meaning  of  the  term  waste  is  not  defined. 
Clearly  there  are  water  use  practices  that  are  wasteful  by  any  construction 
that  may  be  placed  on  the  term.  Often  overlooked  in  these  charfes  of  waste 
is  the  cost  of  preventing  the  losses  that  are  the  basis  for  the  charge.  In  those 
situations  where  the  direct  cost  of  preventing  a  water  loss  exceeds  the  value 
of  the  water  saved,  the  water  losses  in  such  situations  should  not  be  con¬ 
sidered  waste. 

Within  the  framework  of  these  general  considerations,  the  current  water 
use  situation  in  Texas,  some  of  the  contributing  factors  and  some  of  the 
tools  required  to  obtain  the  necessary  conservation  of  water  will  be  briefly 
reviewed. 

Within  recent  years,  the  expansion  of  municipal,  industrial  and  agri¬ 
cultural  water  requirements  has  placed  a  severe  strain  on  the  water  resources 
of  Texas.  Increased  demands  coupled  with  the  drought  and  short  water 
supplies  during  1948  and  1951  have  stimulated  an  interest  in  and  a  demand 
for  remedial  measures  as  a  necessary  prelude  to  remedial  action,  there  are 
several  controversial  issues  that  must  be  resolved. 

Although  the  amount  of  water  needed  for  all  purposes  has  increased 
in  recent  years,  the  total  amount  of  this  increase  is  not  known.  Some  idea 
of  its  magnitude  may  be  realized  from  an  approximation  of  the  1940-50 
increase  in  municipal,  industrial  and  agricultural  water  requirements.  There 
is  some  evidence  suggesting  that  the  1950  requirements  for  these  purposes 
exceed  the  1940  requirements  by  approximately  6,000,000  acre  feet.  The 
same  evidence  suggests  that  this  represents  an  increase  of  almost  100  percent 
in  water  requirements  during  the  ten  year  period. 
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Most  of  th  increase  in  water  requirements  has  occurred  since  the  close 
of  World  War  IL  This  expansion  coming  in  such  a  short  period  of  time  has 
aggravated  an  already  tight  water  supply  situation  in  some  areas.  To  date, 
the  developed  supply  has  been  sufficient  to  meet  most  requirements,  although 
in  some  instances  it  has  been  necessary  to  adopt  rigid  water  saving  measures. 

Most  of  this  increase  in  demand  has  been  met  through  the  development 
of  water  from  underground  sources.  Ground-water  development  offers  many 
advantages,  but  it  also  has  its  limitations.  It  is  not  always  present  in  suffi¬ 
cient  quantity  and  only  a  given  amount  may  be  safely  withdrawn  within  a 
given  period  of  time.  In  some  of  the  areas  where  ground  waters  have  been 
extensively  developed,  there  are  indications  that  the  current  rate  of  use  is 
depleting  the  supply. 

There  are  a  number  of  reasons  which  suggest  that  a  large  part  of  the 
future  water  requirements  must  be  provided  from  surface  sources.  The  de¬ 
pleted  supply  of  surface  water  that  now  escapes  into  other  states  and  into 
the  Gulf  of  Mexico  amounts  to  about  54,000,000  acre  feet  annually.  Nor¬ 
mal  flow  of  most  Texas  streams  is  almost  wholly  utilized  by  present  develop¬ 
ments,  consequently,  unless  additional  storage  can  be  provided  only  a  small 
amount  of  this  54,000,000  acre  feet  can  be  put  to  use. 

Part  of  this  surface  water  cannot  be  put  to  use  as  it  originates  below 
possible  storage  sites.  Still  another  part  of  these  supplies  will  not  be  avail¬ 
able  for  use  in  Texas  as  they  belong  to  adjacent  states.  The  amount  that 
can  be  put  to  use  depends  on  the  price  that  can  be  paid  for  development 
which,  in  turn,  is  dependent  on  the  use  to  be  made  of  the  developed  supplies. 
In  this  connection,  the  previously  mentioned  multi-purpose  approach  affords 
opportunities  for  development  that  might  not  be  available  under  other 
circumstances. 

The  amount  of  service  that  the  surface  water  resources  of  Texas  can 
provide  depends  on  the  manner  in  which  the  various  consumptive  and  non¬ 
consumptive  water  uses  are  combined.  With  uses  coordinated,  these  re¬ 
sources  can  provide  services  equivalent  to  several  times  their  quantity. 

As  previously  indicated,  coordinated  water  use  is  a  product  of  planned 
development;  it  is  not  a  natural  consequence  of  piecemeal  or  haphazard 
development.  Furthermore,  delay  in  instituting  a  coordinated  development 
program  decreases  the  chances  of  obtaining  the  full  measure  of  benefit. 
Once  a  particular  water  use  is  established,  it  may  be  exceedingly  difficult 
as  well  as  expensive  to  effect  a  change,  irrespective  of  how  desirable  a 
change  in  use  might  be. 

Increased  water  requirements  are  leading  to  a  conflict  of  interests 
which  can  be  expected  to  grow  in  intensity  as  the  various  interests  compete 
for  the  available  water  supplies.  Some  of  these  conflicts  cannot  be  avoided, 
but  with  the  proper  tools  their  effects  can  be  minimized. 

If  the  water  resources  of  Texas  are  to  be  used  in  a  manner  that  will 
return  the  largest  measure  of  general  public  benefit,  some  provision  for  the 
direction  of  new  development  and  use  must  of  necessity  be  adopted.  The 
basic  policy  for  this  guidance  is  already  available  in  ART.  7471,  Revised 
Civil  Statutes  of  Texas,  which  provides  for  the  preference  and  priority  to 
be  given  water  uses.  Very  few  satisfactory  means  of  implementing  this  policy 
are  now  available,  and  therein  lies  one  of  the  more  serious  conservation 
needs. 
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The  predominant  needs  for  attaining  water  conservation  in  Texas  are 
institutional  in  nature.  Chief  among  these  is  a  recodification  of  existing 
water  statutes,  which  would  permit  the  clearing  away  of  unused  permits 
and  an  inventory  of  present  water  uses.  This  need  has  been  generally  recog¬ 
nized  for  sometime,  yet  for  some  obscure  reason  it  has  been  opposed  by  the 
people  most  likely  to  p  rofit  from  it.  Without  a  recodification  and  a 
strengthening  of  the  present  state  administrative  facilities,  there  is  little 
prospect  of  instituting  desirable  use  practices  or  of  effecting  an  equitable 
distribution  of  remaining  water  resources. 

Inasmuch  as  many  of  the  problems  encountered  in  the  allocation  of 
water  resources  are  more  philosophical  than  technical  in  nature  and  their 
resolution  is  likely  to  have  far  reaching  consequences,  there  is  a  serious  need 
for  a  State  Water  Resources  Board.  This  Board,  with  wide  geographical 
representation,  should  be  empowered  to  consider  all  aspects  of  the  situation 
and  recommend  desirable  policy  changes  to  the  Legislature.  Moreover,  the 
Board  membership  should  be  largely,  but  not  necessarily,  restricted  to  non¬ 
technical  people. 

This  Board,  operating  under  powers  conferred  by  the  State  Legisla¬ 
ture,  should  function  along  the  lines  of  a  Board  of  Directors.  Once  the 
broad  outlines  of  a  desirable  program  are  agreed  upon,  methods  of  effecting 
the  program  should  generally  be  left  to  the  Administrative  Agency.  In  no 
case,  however,  should  actions  of  the  Board  or  of  the  Administrative  Agency 
pre-empt  the  field  of  individual  decision.  Rather  they  should  prescribe  the 
limits  of  the  field  within  which  individual  decisions  can  be  made. 

No  doubt  there  are  situations  where  the  inability  to  coordinate  uses 
has  already  contributed  to  some  loss  of  potential  benefits.  The  need  for  the 
foregoing  conservation  measure  becomes  progressively  more  acute  as  the 
current  reservoir  construction  program  develops. 


PROBLEMS  IN  ACCULTURATION  AT 


COCHITI  PUEBLO,  NEW  MEXICO* 

CHARLES  H.  LANGE 
Department  of  Anthropology 

The  University  of  Texas 

Anthropological  theory  has  long  recognized  the  principle  of  universal 
and  constant  culture  change.  Acculturation  is  that  particular  form  of  cul¬ 
ture  change  created  when  two  or  more  cultures  come  into  contact.  Stimu¬ 
lated  by  such  contact,  acculturation  frequently  consists  of  an  accelerated 
series  of  changes  fostered  by  the  exchange  of  ideas  and  materials  between 
the  meeting  cultures.  It  appears  inevitable  that  these  changes,  in  themselves, 
necessitate  further  changes  as  ramifications  of  these  new  elements  are  ex¬ 
tended  throughout  the  total  cultures  involved. 

This  discussion  seeks  first  to  indicate  the  nature  of  changes  which 
have  occurred  in  Cochiti  Pueblo  Indian  culture  since  the  coming  of  the 
Spaniards  in  the  sixteenth  century  and  the  contacts  with  Anglo-Americans 
during  the  last  century.  Second,  it  seeks  to  trace  and  evaluate  the  reper¬ 
cussions  of  these  changes  within  Cochiti  culture.  And  third,  the  discussion 
considers  various  problems  created  by  these  internal  changes;  some  prob¬ 
lems  have  been  solved,  but  for  the  most  part  there  is  an  increasingly  urgent 
need  for  satisfactory  solutions  to  be  devised. 

The  real  impact  of  Spanish  culture  was  not  felt  among  the  pueblo 
tribes  of  the  upper  Rio  Grande  until  after  the  Onate  colonization  in  1  598. 
At  this  time,  the  Cochiti  and  their  neighbors  were  primarily  farmers.  Hunt¬ 
ing  and  gathering  activities  supplemented  agriculture  in  the  subsistence. 

Economic  activities  were  carried  on  under  the  supervision  and  with 
the  aid  of  a  religious  hierarchy.  This  was  composed  of  the  cacique,  the  head 
medicine  man  and  religious  leader  of  the  tribe,  and  other  members  of  the 
several  medicine  and  other  secret  societies.  The  collective  influence  of  these 
medicine  men  pervaded  all  phases  of  tribal  culture  and  exerted  rigid  con¬ 
trol  over  individual  behavior.  Conformity  to  the  norm,  defined  by  a  strong 
sense  of  cultural  tradition  and  strictly  interpreted  by  the  medicine  men, 
was  expected  of  all;  deviants  were  dealt  with  severely- — by  confiscation  of 
farming  lands  or  the  application  of  other  economic  sanctions,  by  whipping, 
and,  in  extreme  cases,  by  death.  Until  the  arrival  of  the  Spanish  colonists, 
this  hierarchy  functioned  both  in  religious  affairs  and  in  those  pertaining 
to  secular  government  among  the  Cochiti. 

However,  the  Spaniards  refused  to  recognize  and  deal  with  such  a 
religious  hierarchy,  and  they  imposed  upon  each  pueblo  a  group  of  native 
officials.  The  medicine  men  and  the  secret  societies  were  banned  and  sup¬ 
posedly  eliminated  since  they  constituted  a  threat  to  successful  Spanish 
control  and  a  hindrance  to  the  conversion  of  the  Indians  to  Catholicism. 
In  reality,  the  secret  societies  went  underground,  and  their  already  esoteric 
activities  became  even  more  closely  guarded,  especially  from  aliens.  Never- 

*  This  paper  was  presented  at  the  meetings  of  the  Texas  Academy  of  Science,  December 
6-8,  1951.  Field  work  at  Cochiti  was  carried  on  primarily  during  the  summers  of  1947, 
1948,  and  1951  ;  the  1951  work  was  made  possible  through  a  research  grant  from  the 
Institute  of  Latin  American  Studies  of  the  University  of  Texas. 
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theless,  their  control  continued  by  virtue  of  their  selection  of  the  secular 
officials.  According  to  Spanish  decree,  a  new  group  of  officers  assumed  the 
secular  leadership  of  each  pueblo  every  year.  Nominally,  they  were  demo¬ 
cratically  elected  by  the  people;  actually,  they  were  the  carefully  selected 
representatives  of  the  religious  hierarchy  who  remained  the  true  powers  in 
control. 

Despite  predictions  in  the  early  Spanish  documents  that  Pueblo  Indian 
culture  was  soon  to  expire,  these  cultures  continued  through  several  cen¬ 
turies  of  European  contacts  with  a  high  degree  of  stability.  This  may  be 
attributed  primarily  to  their  compact  integration  under  the  rigid  control 
of  the  religious  hierarchy.  While  the  culture  remained  stable  so  far  as  pat¬ 
terns  were  concerned,  the  process  of  acculturation  included  numerous  trait 
changes. 

New  crops  from  both  the  Spaniards  and  the  Anglos,  together  with 
domesticated  animals,  expanded  the  Pueblo  diet;  however,  this  was  done 
essentially  within  the  structure  of  previous  agricultural  patterns.  Cochiti 
subsistence  remained  basically  agricultural,  and  the  tribe  retained  possession 
of  all  lands.  Individuals  owned  only  the  acreage  that  they  cultivated,  the 
assignments  controlled  by  the  tribal  Council '  of  Princi pales.  The  council 
included  all  men  who  had  served  or  were  serving  as  a  major  secular  officer, 
and  thus,  by  nature,  this  body  was  a  conservative  group,  adhering  to  the 
attitudes  and  beliefs  of  the  medicine  men. 

While  professing  acceptance  of  Catholicism,  the  Cochiti  continued  va¬ 
rious  native  ceremonies  including  masked  dances,  curing  rites,  and  ritual 
retreats  associated  with  weather  control.  As  time  passed,  the  Catholic 
Church  went  so  far  as  to  encourage  the  merger  of  certain  native  ceremonies 
with  the  celebration  of  certain  Church  Feast  Days. 

Spanish  was  widely  accepted  as  a  second  language,  serving  somewhat 
as  a  lingua  franca  in  the  Pueblo  Indian  region.  The  so-called  elected  officers 
continued  to  deal  with  outsiders  when  the  need  arose.  In  most  cases,  addi¬ 
tions  to  the  aboriginal  culture  were  more  in  the  nature  of  a  veneer  rather 
than  fundamental  changes  in  pattern.  In  general,  this  may  be  taken  as 
evidence  demonstrating  the  remarkable  control  exercised  by  the  religious 
hierarchies  of  the  Cochiti  and  other  Pueblos. 

In  recent  years,  the  point  has  again  been  made  that  the  cultures  of 
Cochiti  and  its  neighbors  are  changing  and  will  soon  be  gone,  at  least  in 
the  form  in  which  they  have  functioned  during  past  centuries.  For  the 
first  time,  due  to  shifts  in  cultural  patterns,  these  statements  have  validity 
to  a  degree  which  extends  beyond  what  might  be  expected  in  normal  cul¬ 
ture  changes. 

Several  factors  have  contributed  to  the  current  situation.  If  any  one 
factor  deserves  primary  mention,  it  is  the  shift,  beginning  about  1930,  from 
an  economic  pattern  of  subsistence  and  barter  to  one  in  which  the  value 
of  cash  money  is  paramount.  This  development,  encouraged  in  recent 
years  by  Indian  Service  policies,  has  enabled  other  factors  to  operate  more 
forcefully. 

A  second  factor  has  been  the  overall  program  of  the  Indian  Service, 
particularly  in  the  fields  of  education  and  health.  While  the  methods  have 
been  improved  and,  hence,  are  more  effective,  it  appears  that  the  urge  for 
better  educational  preparation  in  order  to  attain  a  greater  cash  income  has 
been  an  added  inducement  to  abandon  the  old  ways. 
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A  third  factor  has  been  the  long-standing  pressure  of  Catholicism. 
While  the  Catholic  Church  has  alternately  fought  for  the  extinction  of 
native  religious  practices  and  then  compromised  with  them  in  a  long  range 
program  of  attrition  aimed  at  the  same  eventual  result,  it  has  seldom  made 
more  than  a  superficial  imprint  or  accomplished  more  than  a  religious 
merger  so  far  as  individual  Cochiti  have  been  concerned.  Recently,  the  in¬ 
centives  toward  cash  income  and  a  money  economy  have  made  serious  in¬ 
roads  on  the  controlling  powers  and  overall  status  of  the  medicine  men 
among  the  Cochiti.  As  their  influence  has  declined,  the  Church  has  filled 
the  void  to  an  extent  unprecedented  in  the  past. 

The  full  significance  of  these  changes  has  become  increasingly  ap¬ 
parent  to  some  of  the  more  astute  Cochiti;  they  are  increasingly  concerned 
with  the  real  need  for  finding  satisfactory  solutions  to  these  problems. 
Among  the  Cochiti,  attitudes  run  the  full  gamut  from  those  who  would 
embrace  the  full  content  of  Anglo-American  cash  economy  and  general 
culture  to  those  who  cannot  and  will  not  recognize  change  and  doggedly 
attempt  to  maintain  traditional  ways  of  life.  Still  another  group  is  at¬ 
tempting  a  middle-of-the-road  solution  in  which  new  problems  are  met  with 
the  cultural  institutions  and  patterns  already  in  existence.  With  certain 
exceptions,  it  is  this  last-named  policy  which  is  being  encouraged  by  the 
Indian  Service  personnel  now  administering  this  region.  Some  of  the  more 
pressing  problems  and  the  difficulties  hampering  their  solution  are  as  follows. 

Traditionally,  a  cornerstone  of  pueblo  culture  has  been  the  cooperative 
nature  of  daily  activities.  Fortunate  has  been  the  person  with  numerous 
kinsmen  and  with  membership  in  various  organizations  with  whose  members 
he  exchanged  assistance.  In  recent  years,  an  increasing  number  of  the  Cochiti 
have  left  the  village  to  seek  cash  incomes  elsewhere.  In  August,  1951, 
thirty-five  per  cent  of  the  tribal  population  of  43  8  resided  away  from  the 
pueblo.  Despite  an  actual  increase  in  the  tribal  rolls  in  recent  years,  the 
number  of  village  residents  has  steadily  declined. 

The  absentees  include  a  considerable  proportion  of  the  young  adults 
who  formerly  were  important  participants  in  the  tribal  culture.  Now,  the 
pueblo  residents  consist  of  the  aged  and  infirm  who  are  handicapped  in  full 
cultural  participation,  many  children  who  live  with  relatives  while  their 
parents  are  gainfully  employed  away  from  Cochiti,  and  a  number  of  so- 
called  "Progressives.”  This  last  group  is  comprised  of  those  who  follow  the 
authority  of  the  secular  officers,  but  have  endorsed  Catholicism  to  a  de¬ 
gree  which  denies  the  authority  and  abilities  of  the  native  religious  hier¬ 
archy.  Thus,  the  active  "Conservatives,”  the  core  of  traditional  Cochiti 
culture,  comprise  an  ever-shrinking  portion  of  the  tribe.  As  oldsters  die, 
much  of  the  traditional  culture  disappears  with  them.  Increasingly  fewer 
young  people  are  becoming  affiliated  with  these  "Conservatives.”  This  atti¬ 
tude  reflects  the  realization  that  native  religious  and  political  obligations 
demand  time  which  could  otherwise  be  devoted  to  wage-earning  and  similar 
remunerative  activities. 

The  advantage  of  an  education  in  achieving  greater  income  is  in¬ 
creasingly  obvious  and  continually  draws  young  people  away  from  the 
pueblo  for  extended  periods  of  time.  With  this  added  exposure  to  educa¬ 
tion,  there  is  an  increasing  awareness  that  the  efforts  of  the  tribal  secret 
societies  are  in  reality  ineffectual  in  weather  control  and  that  trained  medi¬ 
cal  personnel  are  more  reliable  and  skillful  in  most  situations  than  are  the 
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native  medicine  men.  The  authority  and  prestige  of  the  medicine  men  are 
further  undermined  by  attitudes  developing  among  individuals  who  have 
forsaken  traditional  agricultural  pursuits  in  favor  of  cash  producing  handi¬ 
crafts  such  as  silversmithing.  To  these  craftsmen,  the  skills  and  effectiveness 
of  the  societies  in  weather  control  are  of  little  importance.  To  these  indi¬ 
viduals,  at  home  or  away,  the  application  of  economic  sanctions  such  as 
land  confiscation  as  a  penalty  for  lack  of  cooperation  is  meaningless. 

With  these  attitudes  becoming  more  prevalent,  the  burdens  of  govern¬ 
ing  are  falling  upon  the  same  shoulders  with  a  decreasing  interval  of  respite 
between  terms.  Traditionally,  these  officials  have  served  with  no  compen¬ 
sation  other  than  the  self-satisfaction  of  having  done  their  best  in  behalf 
of  their  fellow  tribesmen.  With  a  larger  group  to  select  from  in  former 
times,  the  burden  was  much  less;  since  almost  all  served,  the  burden  was 
more  tolerable.  Today,  the  terms  of  office  come  more  frequently  to  those 
still  willing  to  serve,  and  whenever  they  are  in  office,  they  perceive  that 
their  neighbors  are  progressing  with  their  own  economic  advancement  and 
are  immune  to  the  worries  of  a  conscientious  public  servant. 

Keenly  aware  of  these  facts,  the  younger  men  often  avoid  selection 
for  public  office  by  leaving  the  pueblo  for  extended  periods  during  which 
they  seek  gainful  employment.  For  those  who  are  appointed  to  a  junior 
office,  which  tests  their  qualifications,  it  is  rather  common  to  fail  inten¬ 
tionally  in  order  to  preclude  the  possibility  of  future  selection  as  a  major 
officer. 

As  the  tribal  council  declines  in  authority,  there  is  increasing  need 
for  some  sound  governmental  system.  One  of  the  most  serious  problems  in 
recent  years  has  been  the  increased  and  illegal  use  of  intoxicating  liquors. 
Thefts  and  various  forms  of  disorderly  conduct  are  becoming  increasingly 
serious  problems. 

Currently,  former  punishments  are  ineffectual  in  law  enforcement. 
Whipping  is  used  with  growing  reluctance;  while  formerly  even  the  threat 
of  such  punishment  was  an  effective  deterrent,  this  is  no  longer  true.  If  a 
whipping  should  be  administered,  the  individual,  often  with  his  immediate 
family,  is  likely  to  leave  the  pueblo,  thereby  escaping  the  stigma  and  the 
eventuality  of  a  repeated  performance  for  similar  deviant  behavior.  Offi¬ 
cials  are  trying  to  keep  their  people  in  the  village — not  to  drive  them  away. 
Sentences  of  extra  community  labor  are  seldom  served  due  to  lack  of  super¬ 
vising  personnel.  Monetary  fines  are  normally  ignored  if  imposed,  and  there 
is  no  way  of  collecting  them.  There  is  no  local  jail,  and  the  council  is  un¬ 
willing  to  pay  expenses  for  the  use  of  facilities  of  neighboring  municipali¬ 
ties.  For  many,  several  days  imprisonment  with  adequate  meals  and  general 
satisfactory  conditions  is  not  especially  distasteful  and  may  even  be  con¬ 
sidered  something  of  a  lark.  Thus,  in  various  ways,  the  authority  of  the 
tribe,  both  of  the  religious  hierarchy  and  of  the  appointed  secular  officials, 
is  operating  with  declining  effectiveness,  and  the  deficiencies  are  cumula¬ 
tively  apparent  to  all  and  tend  to  encourage  further  defiance. 

From  this  discussion  of  the  more  obvious  problems  created  by  the 
acculturative  process  now  being  experienced  by  the  Indians  of  Cochiti 
Pueblo,  it  is  apparent  that  the  once  rigid  control  of  the  religious  hierarchy, 
which  kept  this  culture  a  relatively  integrated  unit  through  many  years 
despite  numerous  accretions  from  Spanish  and  Anglo  culture,  has  broken 
down.  This  resulted  primarily  from  the  impact  of  the  recent  shift  in  eco- 
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nomic  pattern  toward  a  cash  income  and  was  accompanied  by  inroads  from 
educational  and  health  policies  of  the  Indian  Service  and  the  long-enduring 
pressures  of  Catholicism.  The  authority  of  this  hierarchy  and  the  secular 
officials  whom  it  has  selected  to  administer  its  policies  has  virtually  ceased 
to  exist.  Perhaps,  the  future  will  bring  a  complete  breakdown  and  result  in 
its  replacement  by  a  constitutional  form  of  government  as  has  occurred 
in  a  few  pueblos  already.  Even  in  this  eventuality,  the  difficulties  of  financ¬ 
ing  such  a  system  and  arming  its  officials  with  effective  means  of  controls 
appear  almost  insurmountable  under  present  conditions.  The  more  discern¬ 
ing  Cochiti  leaders  recognize  that  the  old  system  is  no  longer  sufficient. 
They  are  aware  that  adjustments  must  come;  adequate  solutions  to  these 
problems  must  be  found. 


“The  Big  Tree  of  Mexico.”  John  Skeaping.  Turnstile  Press.  16s. 

There  has  always  been  a  quality  of  primitive  simplicity  in  Mr.  Skeap- 
ing’s  sculpture  and  his  drawings  of  animals  clearly  come  from  a  "natural” 
mind.  He  had  heard  of  the  secret  techniques,  with  their  origin  hundreds  of 
years  in  the  pcywi  hhbs,at 

years  in  the  past,  by  which  the  Mexican  Indians  of  such  villages  as  Coyo- 
tepec  and  Atzompa  made  their  superb  effects  in  pottery  and  ceramic  sculp¬ 
ture.  The  possibilities  of  learning  these  secrets  fascinated  him  and  he  was 
drawn  to  the  idea  of  the  primitive  Indian  nature,  of  living  wth  people  whose 
way  of  life  had  hardly  changed  for  a  thousand  years,  descendants,  too,  from 
a  great  culture. 

The  modern  Mexican  Indian,  however,  is  suspicious  of  any  incursion 
from  outside  into  his  manner  of  living  and  thinking,  and  Mr.  Skeaping  was 
told  from  the  first  that  his  plan  to  share  the  life  of  the  Zapotec  Indians  in 
the  district  near  Oaxaca  could  not  be  successful.  He  was  lucky  to  come 
across  the  family  of  the  Pablos,  whose  reserve  he  melted  by  drawing  them. 
By  eating  their  food  and  by  convincing  them  of  his  sincere  desire  to  be  their 
friend  he  gradually  won  their  complete  love.  He  became  the  "compadre”  to 
the  father,  helped  with  the  harvest  and  gradually  became  known  and  wel¬ 
comed  in  the  whole  district.  The  potters  gave  him  their  secrets — secrets 
which  he  himself  will  never  divulge  to  anyone.  When  the  end  of  his  year 
came  Mr.  Skeaping  had  the  most  touching  proof  of  the  love  he  had  won 
from  these  gentle  people;  they  told  him  that  they  would  walk  the  400  miles 
to  Mexico  City  to  see  him  off. 

"The  Big  Tree  of  Mexico”  is  written  in  inexperienced  prose  but  with 
a  simple  passion  which  is  entirely  appropriate.  "The  urpose  of  life  as  I  see 
it,”  Mr.  Skeaping  writes,  "is  alive,”  and  his  success  in  this  purpose  is  plain 
from  his  book.  He  tells  us  that  he  has  known  many  learned  people  who 
have  made  a  mess  of  their  private  lives.  "What  then  does  their  scholarship 
afford  them?”  There  is  a  certain  naivety  about  his  attitude  to  the  primitive 
and  the  civilized  life  which  perhaps  prevents  the  book  from  achieving  a 
depth  equal  to  the  importance  of  the  situation  in  which  Mr.  Skeaping  found 
himself.  But  if  it  is  read  as  an  account  of  the  meeting  of  a  "natural”  Euro¬ 
pean  mind  with  its  Indian  counterparts  it  is  a  book  of  great  fascination. 


COTTON  CENTER,  TEXAS,  AND  THE  LATE 
AGRICULTURAL  SETTLEMENT  OF  THE 
TEXAS  PANHANDLE  AND  NEW  MEXICO 


WILFRID  C.  BAILEY 
Dept,  of  Anthropology 
University  of  Texas 

This  paper  is  a  brief  report  on  the  study  of  a  Texas  Panhandle  com¬ 
munity.  The  project  was  financed  jointly  by  the  Research  Institute  of  the 
University  of  Texas  and  '"The  Comparative  Study  of  Values  in  Five  Cul¬ 
tures”  project  of  the  Laboratory  of  Social  Relations,  Harvard  University, 
with  funds  provided  by  the  Social  Science  Division  of  the  Rockefeller  Foun¬ 
dation.  The  field  work  was  done  in  August,  September,  and  November  1950. 
Such  a  period  is  normally  just  about  enough  to  become  acquainted  with  a 
community  and  to  establish  rapport  needed  to  make  a  thorough  study.  In 
addition,  it  is  best  that  a  community  study  be  continued  over  a  period  of  at 
least  one  complete  calendar  year.  In  this  way  the  round  of  seasonal  activities 
can  be  observed.  There  are  practical  considerations  that  make  a  year’s  pro¬ 
gram  difficult  to  carry  out.  The  fact  that  most  field  work  is  carried  out 
during  the  summer  months  between  school  years  is  of  great  importance.  It 
has  been  possible  to  a  limited  extent  to  remedy  the  above  difficulty  by  fol¬ 
lowing  community  activities  in  the  local  newspaper. 

Therefore,  the  statements  made  at  this  time  are  of  a  preliminary  nature 
and  are  subject  to  revision  through  future  field  work.  The  aim  of  this  paper 
is  not  to  give  a  complete  summary  of  conclusions  derived  from  the  data 
but  to  present  this  as  a  study  in  problem  and  methodology. 

Cotton  Center  is  an  unincorporated  farming  community  in  western 
Hale  County,  thirteen  miles  southwest  of  Hale  Center.  Hale  County  was 
one  of  the  fifty  counties  in  northwest  Texas  created  by  the  State  Legislature 
in  1876  but  it  was  not  until  188  8  that  the  necessary  one  hundred  and  fifty 
signatures  were  obtained  to  organize  the  county  government.  Hale  Center 
was  not  established  until  1893.  The  early  development  of  the  area  was  pri¬ 
marily  by  ranchers,  both  large  and  small.  One  of  the  larger  holdings  was 
that  of  J.  Frank  Norfleet  who  in  1920  owned  over  20,000  acres  in  what  is 
now  the  Cotton  Center  school  district.  To  the  west  were  the  huge  ranches 
such  as  the  Spade  Ranch  and  the  Littlefield  or  Yellow  House  division  of  the 
fabulous  XIT  Ranch. 

In  1907  a  railroad  pushed  southward  through  Hale  County  to  Lub¬ 
bock.  This  opened  up  a  new  era  of  development.  For  the  first  time  crops 
could  be  shipped  to  market  and  farming  became  increasingly  important. 
For  a  time  Cotton  Center  was  the  "Last  Place  West.”  The  final  settlement 
boom  came  with  the  building  of  the  railroad  through  Lamb  County  and 
the  breakup  of  the  Spade  Ranch  in  1924.  This  marked  the  final  close  of 
the  ranching  era.  During  the  1920’s  the  number  of  landowners  in  Cotton 
Center  jumped  from  97  to  15  8,  primarily  as  a  result  of  the  selling  out  of 
the  last  of  the  big  ranches. 
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The  boom  of  the  1920’s  brought  important  changes  in  the  character 
of  the  region.  The  early  crops  had  been  feed  for  cattle.  Wheat  became  the 
important  cash  crop  after  the  arrival  of  the  first  railroad.  The  boom  brought 
a  new  people  and  a  new  crop.  The  people  were  primarily  from  eastern  Texas 
and  Oklahoma  and  they  brought  cotton  with  them.  The  wave  of  settlement 
swept  through  Hale  County  and  into  eastern  New  Mexico.  Within  a  decade 
land-hungry  people  were  on  the  move  again.  The  depression,  which  for  the 
farmers  started  in  the  late  1920’s  coupled  by  the  severe  droughts  of  the 
early  1930’s,  contributed  to  the  westward  movement  of  thousands.  Residents 
of  the  West  Texas,  New  Mexico,  Arizona,  and  California  vividly  remember 
this  migration.  One  highway  became  known  as  "Oklahoma  Avenue.” 

The  last  decade  has  been  a  period  of  new  development.  Irrigation  wells 
have  changed  the  economy  of  the  region.  Hale  County  is  in  the  heart  of 
the  High  Plains  irrigation  belt.  Irrigation  depends  upon  a  local  condition. 
The  area  is  covered  with  a  deep  alluvial  fill  that  is  extremely  porous  and 
acts  as  a  natural  storage  reservoir  for  the  rain  water.  None  of  it  flows  in 
from  the  outside.  This  crucial  factor  will  become  of  increasing  importance. 
The  first  irrigation  wells  on  the  High  Plains  were  drilled  in  1911  but  it 
was  not  until  193  5  that  the  first  well  appeared  in  Cotton  Center.  A  number 
of  important  factors  contributed  to  the  slow  development  of  this  resource. 
Technical  improvements  have  reduced  the  cost  of  drilling  and  pumping 
while  at  the  same  time  agricultural  prices  have  greatly  increased.  This  has 
placed  irrigation  within  the  financial  reach  of  most  of  the  farmers.  Secondly, 
the  great  droughts  of  the  193 0’s  pointed  up  the  need  for  security  in  mois¬ 
ture.  Another  factor  is  cultural.  A  new  group  of  people  began  to  move  in 
replacing  those  who  had  moved  on  farther  west.  They  revived  the  rather 
dormant  idea  of  irrigation  and  showed  the  older  settlers  that  it  was  finan¬ 
cially  feasible.  There  are  indications  that  some  of  the  old  timers  who  held 
out  until  the  last  before  drilling  wells  were  those  best  able  to  pay  for  them. 

The  development  of  irrigation  has  made  this  part  of  the  South  Plains 
one  of  the  most  prosperous  agricultural  areas  in  the  State  of  Texas.  Thous¬ 
ands  of  wells  have  been  drilled  and  the  dry  farmer  is  now  an  exception.  The 
1950  census  shows  that  Hale  County  is  one  of  the  few  agricultural  counties 
in  Texas  to  have  an  increase  in  population.  Population  jumped  from  18,813 
to  28,113.  The  upswing  is  due  almost  completely  to  the  new  level  of  farm 
prosperity.  New  homes  rivaling  better  urban  residences  are  everywhere,  and 
farm  yards  are  full  of  new  cars  and  machinery.  According  to  the  county 
agent  the  1950  farm  income  averaged  nearly  $15,000.  As  this  report  is 
being  given  Hale  County  is  in  the  midst  of  a  record  cotton  harvest. 

The  community  of  Cotton  Center  owes  its  existence  to  a  long  narrow 
strip  of  land  left  between  a  series  of  railroad  and  school  land  grants.  "The 
Strip”  was  taken  up  in  small  homesteads  resulting  in  a  denser  population.  A 
number  of  post-offices  and  stores  became  the  nucleus  of  several  budding 
communities.  In  192  5  J.  C.  Brown  laid  out  a  town  site  and  obtained  a  cotton 
gin.  He  induced  a  store  owner  to  move  to  this  new  location.  Within  three 
years  a  second  gin,  a  school,  a  blacksmith  shop,  and  a  church  were  built. 

Today  the  community  consists  of  two  churches,  two  stores,  two  black¬ 
smith  shops,  two  cotton  gins,  a  school,  a  filling  station,  a  butane  dealer,  a 
cafe,  a  "you-do”  laundry,  a  post-office,  and  a  number  of  houses.  About  one- 
hundred  people  live  in  the  village  cluster  and  another  three  or  four-hundred 
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in  the  surrounding  farms  consider  themselves  as  living  in  Cotton  Center. 
The  primary  crops  are  wheat,  grain  sorghum,  and  cotton  with  a  healthy 
experimentation  with  other  crops. 

The  study  of  Cotton  Center  was  stimulated  by  its  historical  position. 
Most  of  the  problems  studied  have  a  basis  in  the  details  of  the  development 
of  the  community  briefly  outlined  above.  The  present  social  organization 
of  Cotton  Center  seems  to  reflect  its  history.  The  dominant  or  controlling 
group  is  to  be  found  in  the  old  families.  However,  the  newness  of  the  area 
is  marked  by  the  definition  of  the  "Old  Timers”  as  those  arriving  before 
1924,  the  date  of  the  selling  out  of  the  last  big  ranch  spread.  Their  religious 
participation  is  found  primarily  in  the  Baptist  Church.  There  is  a  newer 
group  of  settlers,  many  of  them  renters,  who  are  centered  in  the  Methodist 
Church.  A  step  below  the  farm  operators  are  the  white  farm  laborers.  They 
are  usually  migratory  and  do  not  become  a  real  part  of  the  community  until 
they  become  operators  themselves.  A  large  percent  of  the  present  operators, 
particularly  those  who  arrived  during  the  last  fifteen  years,  came  as  laborers. 
This  pattern  is  illustrated  by  the  following  statement  by  an  informant: 

I’ll  give  you  an  example  of  what  a  fellow  can  do  here.  E -  M - 

arrived  here  in  1935  with  nothing  but  a  cotton  sack  over  his  shoulder.  He 
picked  cotton  and  worked  for  wages  for  three  or  four  years.  Then  he  got 
some  land  on  share  crop.  Now  he  has  all  of  his  machinery  paid  for.  Next 
year  he  is  going  to  farm  a  seven  hundred  acre  deal. 

In  this  statement  is  found  the  crux  of  many  of  the  attitudes  of  the 
community.  The  basic  split  between  the  Old  Timers  and  the  more  recent 
arrivals  came  because  they  brought  cotton  with  them  and  with  cotton  came 
migrant  labor.  The  migrants  who  made  good  and  stayed  were  forced  to  rent 
from  the  Old  Timers.  Many  are  still  unable  to  realize  their  dream  of  becom¬ 
ing  land  owners  because  of  the  reluctance  of  the  original  group  to  sell.  Most 
of  the  businesses  in  Cotton  Center  occupy  leased  land  and  about  one-third 
of  the  farm  operators  are  renters.  Of  the  present  white  farm  hands  a  few 
will  "make  good”  and  stay  but  most  will  move  on. 

The  bulk  of  the  farm  labor  comes  from  two  migratory  groups  that  are 
distinguished  on  racial  grounds.  They  are  the  Mexicans  and  Negroes.  Until 
recently  their  relationships  with  the  community  were  purely  seasonal  but 
more  and  more  are  staying  and  trying  to  find  year  round  employment.  This 
transition  will  make  an  interesting  study  in  the  development  of  the  social 
structure  to  the  new  situation  by  the  various  communities  in  the  area.  The 
present  social  structure  offers  many  opportunities  for  students  of  social 
status  and  stratification.  Several  types  of  groups  are  represented.  The  racial 
groups  exhibit  differing  degrees  of  rigidity  in  lines  of  stratification.  Within 
the  permanent  white  population  there  are  groups  that  are  more  or  less  socially 
differentiated.  Much  of  this  differentiation  is  horizontal  and  brief  study  of 
the  situation  shows  the  lack  of  crystalization  into  a  clear  cut  vertical  class 
system.  If  the  population  becomes  more  stable  it  may  develop  along  the 
lines  exhibited  in  eastern  communities. 

A  second  problem  of  interest  coming  out  of  the  history  of  the  area 
is  to  be  found  in  the  character  of  a  rapidly  growing  community.  There  is  a 
basic  future  time  orientation.  Things  are  going  to  become  bigger  and  better. 
Farmers  invest  first  in  wells  and  machinery  necessary  to  produce  bigger 
crops  in  the  coming  seasons  and,  later,  improve  their  houses.  Chamber  of 
Commerce  signs  boost  the  community.  For  example,  on  the  edge  of  Plain- 
view  is  a  sign  with  the  slogan,  "Where  King  Cotton  Meets  Queen  Wheat.” 
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There  seems  to  be  a  basic  difference  between  a  growing  community  and  one 
that  has  reached  a  plateau  or  is  on  a  decline.  This  difference  can  be  observed 
elsewhere.  On  the  edge  of  Snyder,  Texas,  is  the  sign  bearing  the  slogan, 
"Health  and  Wealth  thru  Soil  and  Oil.”  Accompanying  this  spirit  of  opti¬ 
mism  is  the  belief  that  man  is  not  at  the  mercy  of  elements  but  that  through 
mechanization  and  improved  methods  he  can  be  served  by  nature. 

In  communities  such  as  Cotton  Center  there  is  a  new  frontier.  In  the 
past,  the  frontier  has  been  thought  of  as  new  virgin  land.  This  horizontal 
frontier  has  shifted  to  a  vertical  frontier.  The  vertical  frontier  recognizes 
new  possibilities  through  technological  advancement  that  stimulate  the 
development  of  an  area  already  settled. 

The  third  set  of  problems  of  interest  resulted  from  the  opening  of  land 
for  homestead  in  New  Mexico.  In  the  early  1930’s  hundreds  tried  their  luck 
on  land  "west  of  the  continental  divide.”  Of  the  numerous  communities 
established.  Homestead1,  New  Mexico,  is  one  of  those  that  survived.  The 
area  in  which  Homestead  is  located  offers  unique  opportunities  for  study. 
Five  different  cultural  groups  are  found  there.  They  consist  of  the  Rirnrock 
Navaho,  a  Pueblo  Indian  village,  the  Mormon  irrigation  farmers  at  Rim- 
rock,  the  Spanish- Americans  at  Aspera,  and  the  Texan  dry  farmers  at  Home¬ 
stead.  Each  of  these  communities  with  their  separate  cultural  histories  has 
made  its  own  adjustment  to  the  same  general  natural  landscape. 

For  a  number  of  years  the  Laboratory  of  Social  Relations  of  Harvard 
University  has  been  making  a  detailed  study  of  the  Rirnrock  area.  In  1949- 
50  Dr.  Evon  Vogt  of  Harvard  made  a  detailed  study  of  the  Homestead 
community.  He  found  that  nearly  all  of  the  Texan  dry  farmers  came  from  a 
small  area  in  the  Texas  Panhandle.  Hale  County  is  in  the  center  of  this  home 
area  and  Cotton  Center  is  about  the  same  size  as  Homestead.  In  fact,  one 
former  resident  remarked  that  Homestead  was  just  like  Cotton  Center.  It 
was  for  this  reason  that  Cotton  Center  was  selected  for  study. 

The  comparison  of  Cotton  Center  and  Homestead  is  not  complete  and 
will  be  reported  on  at  a  later  date.  However,  certain  problems  of  interest 
will  be  pointed  out  at  this  time.  First,  what  have  been  the  adjustments  made 
by  the  Texans  to  their  new  social  and  natural  environment?  Most  of  them 
were  cotton  farmers  but  now  pinto  beans  constitute  the  main  crop.  Has  this 
changed  their  way  of  life?  Preliminary  analysis  indicates  that  the  Homestead 
Texans  are  still  like  the  Cotton  Center  Texans  and  have  not  become  like 
their  new  neighbors. 

Second,  a  comparison  of  Homestead  and  Cotton  Center  as  they  are 
today  should  give  clues  to  changes  that  have  taken  place  in  the  latter  because 
of  the  introduction  of  irrigation.  Preliminary  observations  show  that  there  is 
a  marked  difference  between  Cotton  Center  and  Mormon  communities  in 
their  attitudes  toward  irrigation.  These  differences  probably  stem  from  their 
different  cultural  backgrounds.  Third,  certain  cultural  traits  that  are  found 
in  eastern  Texas  and  Oklahoma  are  missing  in  Cotton  Center  but  show  up 
in  Homestead.  Could  these  differences  result  from  the  Panhandle  environ¬ 
ment?  Taken  altogether  the  answers  to  these  questions  may  give  clues  to  a 
general  Texan  cultural  pattern. 

The  Harvard  Rirnrock  project  is  associated  with  another  and  much 
larger  program,  The  Human  Relations  Area  Files,  Inc.,  which  has  its  center 
at  Yale  University,  and  is  carrying  on  a  cooperative  program  with  a  num- 


1  Pseudonyms  are  given  to  specific  place  names  in  this  research  area  in  New  Mexico  in 
order  to  protect  the  anonymity  of  the  informants. 
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ber  of  other  schools.  One  of  the  basic  features  of  this  program  is  placing 
information  in  a  readily  available  form.  This  is  facilitated  by  duplicating 
field  notes  and  other  materials  so  that  they  can  be  classified  and  filed  accord¬ 
ing  to  a  standard  outline.  These  files  allow  rapid  comparisons  of  cultures. 
The  notes  of  the  Rimrock  project  are  being  processed  and  the  field  notes  on 
Cotton  Center  are  on  master  carbons  ready  to  be  run  off  on  a  duplicating 
machine. 

A  cooperative  plan  such  as  this  presents  many  possibilities  for  the 
study  of  Texas  communities.  A  similar  plan  could  be  worked  out  here  in  the 
State  of  Texas  and  through  it  workers  at  different  institutions  could  coordi¬ 
nate  their  activities  and  obtain  a  better  understanding  of  the  vast  number 
and  often  contrasting  communities  within  the  State. 

In  conclusion  it  can  be  said  that  the  importance  of  the  brief  study  of 
Cotton  Center  is  not  in  a  vast  array  of  unusual  data  but  in  the  experience 
of  developing  techniques  and  methods  of  study.  The  relationship  of  this 
project  to  those  of  Harvard  suggests  a  plan  that  could  be  applied  in  Texas. 


NOTES 

RECORDS  FROM  EAST  TEXAS  OF  THREE  SPECIES  OF  FISH,  HADROPTERUS 

MACULATUS,  ETHEOSTOMA  HXSTRIO,  AND  ETHEOSTOMA  BARRATTI. 

Recent  collections  made  in  east  Texas  contain  specimens  that  merit 
published  record.  Three  of  these  species — Hadropterus  ( Hadropterus )  macu- 
latus  (Girard),  Etheostoma  (IJ  to  centra)  histrio  Jordan  and  Gilbert,  and 
Etheostoma  ( Hololepis )  ban- at  is  (Holbrook),  appear  to  be  additions  to 
the  known  Texas  fish  fauna. 

Texas  specimens  of  Hadropterus  maculatus  have  been  collected  in  Big 
Cypress  River,  5  miles  north  of  Caddo  Lake  State  Park,  Marion  County,  by 
R.  J.  Kemp  (Texas  Natural  History  Collection  1417). 

Etheostoma  histrio  specimens  have  been  collected  in  Texas  in  Haggerty 
Creek,  3  miles  northwest  of  Karnack,  Harrison  County  (TNHC  145  5); 
and  Harris  Creek,  9  miles  northeast  of  Tyler,  Smith  County  (TNHC  1114). 
Both  of  these  localities  contain  large  amounts  of  detritus.  Mr.  H.  H.  Hand 
and  Mr.  W.  C.  Renfro  assisted  me  in  the  collections.  The  identifications  were 
made  by  Dr.  Reeve  M.  Bailey. 

Texas  specimens  of  Etheostoma  barratti  have  been  collected  in  Caddo 
Lake,  3  /z  miles  northeast  of  Karnack,  Harrison  County  (TNHC  1311). 
The  seining  station  included  a  small  cypress-free  boat  landing  area.  Fila¬ 
mentous  algae  abounded  and  cypress  lined  both  sides.  Mr.  R.  J.  Kemp  and 
others  assisted  in  the  field  work.  The  identifications  wer«  made  by  Dr. 
George  A.  Moore,  who  is  now  studying  the  racial  variation  of  the  species. 

The  occurrence  of  the  above  three  species  in  the  Caddo  Lake  region 
of  east  Texas  is  not  surprising.  They  are  all  recorded  from  the  Red  River 
drainage  of  Oklahoma.  I  expect  that  both  H.  maculatus  and  £.  barratti 
occur  in  other  east  Texas  waters  as  does  E.  histrio .  Most  southeastern  fishes 
that  occur  in  east  Texas  are  now  known  as  far  west  as  Houston,  i.e., 
lchthyomyzon  gagei,  Etheostoma  gracile}  Elassoma  zonatum ,  Centrarchus 
macropterus,  Notropis  atrocaudalis ,  and  others.—CLARX  hubbs,  depart¬ 
ment  OF  ZOOLOGY,  UNIVERSITY  OF  TEXAS. 


A  FIELD  COURSE  IN  CONSERVATION  EDUCATION 


ROBERT  C.  SHERMAN 
North  Texas  State  College 

Little  controversy  can  be  generated  over  the  importance  of  our  natural 
resources  or  over  the  urgency  for  bringing  into  operation  expedient  measures 
for  a  wise  stewardship  of  the  only  real  wealth  our  world  possesses.  The  con¬ 
troversy  (if  a  person  can  arouse  enough  interest  to  bring  one  about)  usually 
gravitates  to  the  question — -"What  are  the  most  effective  means  for  bringing 
about  conduct  in  everyone  that  will  get  out  of  all  resources  the  greatest 
potential  for  the  most  people.” 

Those  of  us  whose  work  ties  our  thinking  closely  to  the  public  schools 
have  a  strong  conviction  that  one  of  the  best  means  for  approaching  that 
utopia  is  to  provide  for  the  present  and  future  teachers  of  young  Texans 
the  richest  and  most  varied  conservation  experiences  possible. 

This  is  a  partial  record  of  the  effort  made  by  North  Texas  State  College 
to  provide  on-the-scene  training  for  education  in  the  problems  of  the  use 
of  natural  resources  of  Texas.  It  portrays  six  weeks  of  work,  more  than 
3  500  miles  of  travel  in  5  5  counties,  and  professional  assistance  from  at 
least  75  individuals  representing  26  organizations.  We  are  indebted  to  them 
for  their  willing  and  skillful  help  in  making  the  training  what  we  consider 
to  have  been  a  success.  We  expect  to  make  this  adventure  in  field  educa¬ 
tion  a  permanent  summer  opportunity  for  teachers,  supervisors,  and  admin¬ 
istrators  who  come  to  our  campus. 

The  East  Texas  Salt  Water  Disposal  Company  was  visited  to  see  and 
hear  first  hand  what  had  been  reported  to  us  to  be  the  finest  example  of 
conservation  of  a  natural  resource  in  the  nation.  As  you  may  know,  the 
process  of  returning  salt  water  to  the  underground  reservoir  accomplishes 
a  dual  benefit.  First,  it  eliminates  from  the  earth  surface  a  highly  damaging 
polluatant  and  second,  it  serves  to  maintain  the  underground  reservoir  pres¬ 
sure  for  a  more  complete  recovery  of  the  oil  pool. 

The  company  operates  as  a  public  utility  and  serves  most  of  the  oil 
producers  in  the  East  Texas  Field.  The  process  is  quite  simple  in  theory — ■ 
simple  enough  that  students  with  a  limited  scientific  background  can  readily 
appreciate  the  many  technical  problems.  The  conservation  implications  are 
immediately  obvious. 

The  Magnolia  plant  in  Kilgore  and  the  La  Gloria  plant  in  Falfurrias 
were  visited  to  get  a  picture  of  the  methods  of  collection  and  refinement  of 
natural  gas  into  its  commercial  components.  Perhaps  the  most  striking  ob¬ 
servation  the  students  made  in  this  connection,  as  well  as  in  similar  ones, 
was  the  constant  research,  probing  into  ways  for  getting  the  maximum 
matter  and  energy  from  this  underground  resource. 

In  addition  to  the  two  plants  just  mentioned  the  students  were  per¬ 
mitted  to  visit  the  Magnolia  Oil  Refinery  in  Beaumont  and  the  Goodrich 
Tire  and  Rubber  Company’s  synthetic  rubber  plant  in  Port  Neches. 

Several  days  were  spent  visiting  and  studying  the  problems  of  produc¬ 
ing,  harvesting,  and  processing  the  forest  products  of  Texas.  During  these 
days  the  students  noted  the  concerted  efforts  of  federal,  state,  and  private 
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agencies  toward  the  continuation  of  a  sustained  forest  for  Texas.  It  was 
noted,  too,  unfortunately,  that  through  fire  and  clean  cutting  tactics  there 
was  waste  and  wanton  destruction  of  vast  areas  of  fine  timber. 

The  answers  to  the  problems  of  a  sustained  forest  resource  were  not  at 
all  evident  after  our  study.  The  demand  is  greater  than  the  rate  of  pro¬ 
duction.  That  we  know.  Forests  grow  too  slowly  for  the  average  landowner 
with  his  relatively  short  life  span  to  expect  a  return  for  his  long-term  in¬ 
vestment.  Shall  the  state,  the  nation,  or  large  industries  or  holding  com¬ 
panies  furnish  the  capital  and  wait  for  the  return?  The  students  felt  that, 
for  sure,  part  of  the  answer  lay  in  spreading  universally  a  knowledge  and 
understanding  of  the  problems  so  that  the  present  and  future  supply  may  be 
used  as  wisely  as  possible. 

A  great  deal  of  the  value  of  this  sort  of  training  we  feel  came  from 
a  wider  acquaintance  with  Texas — its  geography,  its  widely  varied  environ¬ 
ments,  ways-of-life  and  communities,  and  the  practical  resource  problems 
inherent  in  the  local  cultures.  The  3  500  miles  travelled  were  not  just  one 
mile  multiplied  by  3  500.  Many  times,  unscheduled  stops  were  made.  Some¬ 
times  it  was  to  talk  over  the  condition  of  the  sharecropper  and  his  family 
on  an  East  Texas  leached  sand  farm.  Again,  it  was  to  examine  evidence  of 
the  relation  of  the  natural  environment  and  the  living  organisms  found  in 
a  particular  area. 

The  visit  to  the  Audubon  Camp  was  a  highly  profitable  experience  for 
a  group  of  teachers  who  were  soon  to  return  to  their  classrooms  in  Texas. 
The  staff  and  administration  of  the  camp  were  cordial  and  gracious  in 
including  us  into  their  program  for  a  few  days.  Many  valuable  observations 
were  made,  particularly  with  respect  to  the  relation  of  man  and  the  natural 
world  of  beauty  and  interest  in  which  he  lives. 

The  day’s  work  on  the  Game  and  Fish  Commission’s  Kerr  Wildlife 
Restoration  Project  served  to  point  up  the  problems  of  a  diminishing  soil 
resource  and  its  relation  to  a  diminishing  wildlife  population.  Although 
there  was  no  physical  evidence  of  a  positive  correlation  between  poor  land 
and  poor  game  harvest,  the  students  were  well  able  to  observe  the  disastrous 
results  of  unwise  soil  management  and  the  consequent  effect  on  the  available 
food  and  cover.  Subsequent  visits  by  other  classes  should  reveal  the  effects 
of  the  experimental  approach  to  improving  the  area.  Here,  too,  were  fine 
examples  of  the  wise  principle  that  man  must  be  in  harmony  with  the  land 
upon  which  he  lives  or  else  both  he  and  the  land  suffer. 

King  Ranch  served  to  provide  further  study  situations  on  the  produc¬ 
tion  and  harvest  of  wildlife  and  the  mammoth  conservation  problems  inher¬ 
ent  to  this  region.  Texas  College  of  Arts  and  Industries  provided  a  head¬ 
quarters  point  and  expert  consultant  help  on  the  ecology  and  agriculture 
of  that  entire  area  as  well  as  the  Rio  Grande  Valley.  After  a  day  on  the 
ranch,  there  could  be  no  reasonable  doubt  that  wildlife  can  be  produced  in 
significant  numbers.  Less  convincing  was  any  evidence  that  wildlife  can  be 
produced  in  large  numbers  without  competition  to  domestic  herds.  Another 
of  the  very  important  opportunities  furnished  by  King  Ranch  was  an  ob¬ 
servation  of  the  results  of  the  establishment  of  the  first  and  only  recognized 
new  breed  of  cattle  in  the  United  States — that  is,  the  Santa  Gertrudis  breed. 

During  their  two  days  in  Rockport  most  of  the  students  got  their  first 
introduction  to  marine  biology  and  the  peculiar  conservation  problems  of  the 
Gulf  Coast.  The  concensus  after  the  study  was  that  the  big  problems  of 
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conservation  are  not  at  all  the  management  of  the  resource,  but  rather  the 
management  of  the  people.  The  big  problems  of  marine  biological  resources 
are  the  problems  of  what  the  people  who  live  on  the  upstate  drainage  area 
are  doing  with  the  soil  and  water  they  affect. 

Here  we  got  our  most  obvious  example  of  the  removal  of  American 
resources  to  other  lands  for  we  saw  a  Danish  tanker  leaving  Port  Aransas. 

The  visit  to  the  Aransas  Wildlife  Refuge  was  made  to  get  a  picture 
of  the  Federal  Government  in  the  conservation  of  wildlife. 

The  remainder  of  the  six  weeks  study  was  centered  around  soil  and 
water  resources  problems.  Sufficient  evidence  was  available  in  the  immediate 
vicinity  of  Denton,  Collin,  and  Wise  counties  to  demonstrate  that  soil  and 
water  exploitation  pays  off  only  at  the  expense  of  poor  people  and  that  in¬ 
telligent  action  can  pay  off  in  terms  of  a  good  life. 

As  was  true  in  the  case  of  the  forestry  study,  it  was  found  that  federal, 
state,  and  private  forces  were  at  work,  cooperatively,  to  improve  wherever 
possible  the  current  status  of  soil  and  water.  Each  agency  was  performing 
its  own  function,  but  not  at  all  indifferent  to  the  contributions  being  made 
by  others.  For  example,  it  was  found  that  the  small  lake  and  pond  building 
program  of  the  Soil  Conservation  Service  was  part  of  a  coordinated  plan  to 
control  and  utilize  the  water  of  the  Trinity  River  drainage  basin.  The  work 
of  the  U.  S.  Army  Engineers  was  the  other  large  part  of  the  program. 

Considerable  territory  was  covered  in  the  study.  We  travelled  from 
Denton  to  Kilgore,  to  Beaumont  and  Port  Neches,  to  Liberty,  Kirby ville, 
Jasper,  Lufkin  and  then  back  to  Denton.  Another  excursion  took  us  from 
Denton  to  Burnet  and  Llano  to  Kerrville,  then  to  San  Antonio,  to  Kings¬ 
ville  and  down  on  King  Ranch,  from  Kingsville  to  Rockport,  to  the  Aransas 
Wildlife  Refuge,  to  Freeport  and  back  to  Denton.  The  remainder  of  the 
travel  was  within  a  day’s  drive  of  Denton. 

Teachers  who  began  the  course  in  early  June  with  a  vague  opinion  that 
conservation  was  something  one  did  with  the  other  fellow’s  possessions,  left 
the  course  in  mid-July  convinced  that  conservation  is  something  that  is 
everybody’s  business  if  it  is  anybody’s  business.  And  it  was  not  difficult  to 
see  first  hand,  that  in  Texas  at  least,  conservation  is  everybody’s  business- — 
some  of  the  most  important  business  teachers  of  Texas  have. 


A  Text-Book  on  Bibliography.  Boswell,  David  B.  8%  x  5%.  208  pp.  Grafton.  30s. 

A  text-book  for  students,  describing  in  turn  the  manufacture  of  paper, 
the  processes  by  which  textual  matter  is  printed,  illustrations  are  reproduced, 
and  the  final  stage  by  which  all  is  assembled  and  bound  into  a  book.  The 
last  chapters  deal  with  the  aesthetics  of  good  book  production  and  with 
the  technique  and  purpose  of  bibliographical  description  and  analytical  ex¬ 
amination,  especially  of  early  printed  matter. 


BILINGUALISM :  THE  MEASUREMENT 
OF  ABILITY  IN  TWO  LANGUAGES 


HERSCHEL  T.  MANUEL 
University  of  Texas 

For  the  sake  of  a  more  accurate  definition  of  the  problem  suggested 
by  the  title,  let  us  suppose  that  we  are  asked  to  serve  as  consultants  to  the 
Department  of  Education  in  Puerto  Rico.  The  situation  is  explained  briefly 
to  us  in  these  terms.  The  home  language  of  most  of  the  people  of  Puerto 
Rico  is  Spanish.  Most  of  the  children  start  their  schooling  with  little  or  no 
knowledge  of  English.  The  children  are  taught  to  read  in  Spanish,  and  the 
teachers  use  Spanish  as  the  language  of  instruction.  A  special  effort  is  made 
to  teach  the  children  to  understand  and  use  English  also.  Contact  with  oral 
English  is  begun  in  the  first  grade  and  instruction  in  reading  English  is 
begun  in  the  second  or  third  grade.  As  consultants  we  are  asked  to  appraise 
the  achievement  of  the  children  in  their  two  languages,  English  and  Spanish. 

Let  us  make  the  problem  even  more  specific.  We  are  asked  to  measure 
their  achievement  in  reading  Spanish,  their  native  language,  and  in  reading 
English,  their  second  language.  Incidentally,  this  is  a  very  practical  prob¬ 
lem.  Puerto  Rico  has  made  an  intensive  effort  to  teach  English  for  more 
than  a  half-century.  If  we  could  find  how  well  the  children  have  learned 
English  and  at  the  same  time  how  well  they  have  learned  their  native  lan¬ 
guage,  the  information  could  be  of  great  help  in  formulating  a  language 
policy  for  the  schools.  It  would  be  pertinent  to  ask,  for  example,  whether 
the  amount  of  English  learned  is  worth  the  time  and  effort  given  to  it; 
whether  the  second  language  appears  to  strengthen  or  weaken  the  native 
language;  and  whether  the  results  are  so  different  with  different  children 
that  the  attention  given  to  one  language  or  another  should  vary  with  indi¬ 
vidual  aptitudes.  The  measurement  of  achievement  in  Spanish  and  English 
is  a  matter  of  concern  not  only  in  relation  to  general  policies  but  also  in 
relation  to  the  everyday  problems  of  teaching,  for  a  knowledge  of  achieve¬ 
ment  is  a  first  step  in  effective  teaching. 

Since  our  problem  is  to  measure  achievement  in  reading  Spanish  and 
English,  we  shall  need  suitable  tests.  If  we  were  to  undertake  the  construc¬ 
tion  of  our  own  tests,  the  formulation  of  a  reading  test  in  Spanish  and  of 
another  reading  test  in  English  would  encounter  no  unusual  difficulties.  The 
techniques  of  test  construction  are  sufficiently  well  known  to  make  the 
construction  of  a  reliable  and  valid  test  of  reading  in  either  language  alone 
a  not  too  difficult  problem.  The  test  in  Spanish  would  have  its  own  vocabu¬ 
lary  and  comprehension  exercises  and  the  test  in  English  would  have  its 
exercises  quite  unrelated  to  the  exercises  used  in  the  Spanish  test. 

For  some  purposes  these  independent  tests  would  serve  admirably. 
Individual  differences  in  the  ability  to  read  Spanish  and  in  the  ability  to 
read  English  could  be  vividly  portrayed  and  the  standing  of  an  individual 
in  relation  to  his  fellows  could  be  pointed  out.  Suppose,  however,  the  Com¬ 
missioner  of  Education  should  ask  us  how,  at  the  fifth  grade  level,  ability  to 
read  English  compares  with  ability  to  read  Spanish;  or  how,  at  the  end  of 
the  high  school,  the  ability  of  Puerto  Rican  students  to  read  Spanish  corn- 
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pares  with  the  ability  of  Texas  students  to  read  English.  Obviously,  we 
could  not  answer  these  questions  on  the  basis  of  the  two  independent  tests 
which  we  have  planned,  though  each  might  be  an  excellent  measure  in  its 
own  language. 

By  analogy  to  the  comparison  of  Centigrade  and  Fahrenheit  tempera¬ 
tures,  we  might  compare  scores  on  the  two  tests  if  we  had  some  method 
of  constructing  a  table  of  equivalencies.  What  score  on  the  English  test, 
for  example,  is  equivalent  to  a  score  of  32  on  the  Spanish  test?  We  could 
determine  this  if  we  could  find  a  group  known  in  advance  to  have  equal 
ability  to  read  Spanish  and  to  read  English,  for  we  would  simply  give  both 
tests  to  this  group  and  compare  the  results.  Unfortunately,  no  such  group 
can  be  found. 

Frustrated  in  the  attempt  to  equate  two  tests  developed  independently 
in  Spanish  and  English,  we  might  come  to  the  conclusion  that  we  should 
have  constructed  the  same  test  in  the  two  languages  rather  than  two  differ¬ 
ent  tests.  We  seem  to  need  a  test  which  has  the  same  content,  arrangement, 
and  difficulty  in  the  two  languages.  The  Spanish  and  English  editions  would 
be  the  same,  except  that  in  one  case  the  language  would  be  Spanish  and  in 
the  other  case  English. 

This  solution  seems  to  be  simple  enough.  In  fact,  it  might  be  suggested 
that  we  take  a  test  already  well  standardized  in  one  language  and  translate 
it  into  the  other.  But  the  problem  is  not  so  simple.  Suppose  the  test  which 
we  wish  to  translate  is  a  test  in  English  constructed  for  pupils  of  the  north¬ 
eastern  states,  and  suppose  it  contains  paragraphs  about  harvesting  ice 
during  the  long  winter  and  opening  sugar  camps  in  the  spring.  Puerto  Rico 
has  no  natural  ice,  and  the  sugar  with  which  its  children  are  acquainted 
is  cane  sugar  not  maple  sugar.  There  are  linguistic  as  well  as  cultural  differ¬ 
ences.  Dr.  Ismael  Rodriguez  Bou  in  his  Study  of  The  Parallelism  of  English 
and  Spanish  Vocabularies ,  published  by  the  Superior  Educational  Council  of 
Puerto  Rico,  points  out  that  words  in  English  and  Spanish  which  are  selected 
to  express  the  same  concept  commonly  have  unique  meanings  in  one  lan¬ 
guage  or  the  other  in  addition  to  the  meanings  that  appear  to  be  the  same. 
"It  is  doubtful,”  he  says,  "whether  enough  words  having  identical  meanings 
could  be  found  to  make  vocabulary  tests  of  general  utility.  If  vocabulary 
tests  that  are  parallel  in  English  and  Spanish  are  to  be  made  they  will  prob¬ 
ably  have  to  consist  in  considerable  part  of  words  of  overlapping  rather 
than  identical  meanings”  (p.  23  5  ).  Relative  difficulty  and  relative  fre¬ 
quency  of  use  are  additional  variables.  As  an  example  of  differences  in  fre¬ 
quency  of  use,  Dr.  Rodriquez  Bou  lists  the  words  "clear”  and  "lucido,” 
which  are  said  by  Eaton  to  represent  the  same  concepts.  In  Thorndike’s 
word  list,  however,  "clear”  is  in  the  first  thousand  and  in  Buchanan’s  word 
list  "lucido”  is  in  the  fourth  thousand. 

Translation  of  a  test  which  has  been  constructed  in  one  language  for 
use  with  a  particular  cultural  group  into  a  second  language  for  use  with  a 
different  cultural  group  would  not  seem  to  offer  the  solution  to  our  prob¬ 
lem  of  constructing  comparable  tests.  If  there  is  a  solution,  it  must  be  found 
in  constructing  the  Spanish  and  English  editions  simultaneously,  as  far  as 
possible  choosing  material  that  is  without  cultural  bias  and  language  that 
is  of  equal  difficulty. 

At  this  point  our  supposing  that  we  have  been  asked  to  serve  as  con¬ 
sultants  to  the  Department  of  Education  in  Puerto  Rico  ends,  and  we  turn 
to  reality.  In  1941  a  subcommittee  of  the  Committee  on  Modern  Languages 
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of  the  American  Council  on  Education  found  itself  confronted  with  the 
task  of  constructing  equivalent  tests  for  measuring  achievement  in  English 
and  Spanish  in  Puerto  Rico.  With  financial  assistance  from  the  Carnegie 
Foundation  for  the  Advancement  of  Teaching  and  from  the  Coordinator  of 
Inter-American  Affairs,  and  with  the  cooperation  of  the  Department  of 
Education  in  Puerto  Rico,  the  University  of  Puerto  Rico,  the  University  of 
Texas,  the  Secretariat  of  Education  in  Mexico,  and  numerous  school  people 
in  Mexico  and  the  United  States,  an  extensive  series  of  tests  in  parallel 
English  and  Spanish  editions  was  constructed.  The  series  included  General 
Ability  at  the  primary,  intermediate,  and  advanced  levels;  Reading  at  the 
primary,  intermediate,  and  advanced  levels;  Language  Usage;  Vocabulary 
and  Interpretation  of  Reading  Materials  In  the  Natural  Sciences;  and  Vo¬ 
cabulary  and  Interpretation  of  Reading  Materials  in  the  Social  Studies.  The 
use  of  the  series  in  a  comparison  of  abilities  in  English  and  Spanish  is  de¬ 
scribed  in  a  book  published  by  the  Department  of  Education  in  Puerto 
Rico:  Fife  and  Manuel,  The  Teaching  of  English  in  Puerto  Rico .  In  1950 
the  tests  were  published  for  general  use  in  a  revised  edition  under  the  title, 
Cooperative  Inter -American  Tests ,  by  the  Educational  Testing  Service  of 
Princeton,  New  Jersey. 

The  test-construction  staff  included  both  native  English-speaking  and 
native  Spanish-speaking  persons.  Their  judgment  was  the  basis  for  avoiding 
cultural  bias  and  to  some  extent  for  finding  equivalent  language  for  the 
materials.  Their  judgment  in  the  selection  of  language  was  assisted  by 
Eaton's  Semantic  Frequency  List ,  Thorndike’s  Teacher’s  Word  Book ,  Bu¬ 
chanan's  Graded  Spanish  Word  Book ,  Kenis ton's  Spanish  Syntax  List ,  and 
various  other  publications. 

In  this  brief  paper  it  will  be  impossible  to  present  detailed  evaluative 
data  on  the  series.  Dr.  Rodriguez  Bou’s  study  of  the  parallelism  of  the 
vocabularies  and  Fife  and  Manuel’s  Study  of  the  Teaching  of  English  in 
Puerto  Rico  are  the  most  important  sources  of  evaluative  material  yet  pub¬ 
lished.  Much  additional  material  as  yet  unpublished  is  already  available  and 
new  studies  are  under  way. 

Two  illustrations  of  the  use  of  such  parallel  tests  will  be  given.  The 
first  is  a  comparison  of  norms  on  the  Reading  Test  for  freshman  reading 
Spanish  in  the  University  of  Puerto  Rico  with  norms  for  freshman  reading 
English  at  the  University  of  Texas.  (Puerto  Rican  norms  were  kindly  sup¬ 
plied  by  Dr.  Pablo  Roca  of  the  Department  of  Education  in  Puerto  Rico. 
The  University  of  Texas  norms  are  published  on  page  12  of  Research  Bul¬ 
letin  No .  34  of  the  Texas  Commission  on  Coordination  in  Education.)  The 
median  score  of  the  Puerto  Rican  students  reading  Spanish  at  the  end  of 
one  quarter  is  91  and  the  corresponding  score  for  the  Texas  students  reading 
English  at  the  beginning  of  the  year  is  89.  In  other  words  the  freshmen 
on  the  average  are  reading  at  about  the  same  level  in  their  respective 
languages. 

The  second  illustration  is  taken  from  a  study  recently  completed  by 
Miss  Mary  Anderson,  suggesting  a  possible  use  of  the  tests  in  the  Southwest. 
Miss  Anderson  conducted  her  study  in  a  city  near  the  Mexican  border  where 
both  Spanish-speaking  and  English-speaking  children  are  enrolled  in  large 
numbers.  She  was  interested  in  children  who  were  just  entering  school. 
Some  of  them  spoke  English  and  some  spoke  Spanish.  Use  of  the  Inter- 
American  Tests  enabled  her  to  test  each  group  with  reference  to  general 
mental  ability  in  its  own  home  language.  Near  the  end  of  the  year  she  tested 
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the  reading  achievement  of  both  groups  in  English.  A  few  correlations  may 
be  of  interest.  The  correlation  of  English  oral  vocabulary  with  socio¬ 
economic  status  was  .23  for  English-speaking  pupils;  and  the  correlation 
of  Spanish  oral  vocabulary  with  socio-economic  status  was  .52  for  Spanish¬ 
speaking  pupils.  The  correlation  of  general  ability  measured  by  the  English 
edition  at  the  beginning  of  the  year  with  English  reading  at  the  end  of  the 
year  was  .58  for  English-speaking  pupils,  and  the  correlation  of  general 
ability  measured  by  the  Spanish  edition  at  the  beginning  of  the  year  with 
English  reading  at  the  end  of  the  year  was  .46  for  the  Spanish-speaking 
pupils. 

In  conclusion,  it  may  be  said  that  the  Cooperative  Inter-American 
Tests  are  only  a  first  approximation  of  a  solution  to  the  problem  of  con¬ 
structing  parallel  tests  in  English  and  Spanish.  Although  there  is  every  rea¬ 
son  to  believe  that  they  will  be  useful  as  instruments  of  measurement,  they 
should  be  only  an  early  step  in  a  vast  program  of  international  cooperation 
in  educational  research.  They  should  stimulate  additional  exchange  of  infor¬ 
mation  among  English-speaking  and  Spanish-speaking  educators.  The  prob¬ 
lems  of  the  social  sciences,  like  the  problems  of  the  natural  sciences,  cross 
national  and  linguistic  borders.  Communication,  understanding,  and  (let 
us  hope)  good  will,  may  be  increased  by  the  construction  of  instruments 
which  scientists  of  different  languages  can  use  in  common. 


PROGRAM  AND  PRACTICE  IN  TOTALITARIAN 
GOVERNMENTS 


FREDERICK  E.  GAUPP 
Southwestern  University 

All  totalitarian  governments— the  Russian,  the  Italian  and  the  German 
— have  loudly  and  repetitiously  claimed  that  they  were  the  results  of  great 
revolutions.  The  workmen  and  sailors  who  in  an  almost  bloodless  police 
action  occupied  the  official  buildings  of  Petrograd  in  October,  1917— the 
Blackshirts  who  marched  to  Rome  in  October,  1922,  while  their  Duce 
received  a  telephone  call  from  King  Victor  Emmanuel  asking  him  to  form 
the  new  cabinet,— -the  Brownshirts  who  paraded  in  front  of  the  legally  ap¬ 
pointed  new  chancellor,  Hitler,  in  January,  193  3,— -they  all  were  called 
the  avant-garde  of  the  greatest  revolution  of  all  times.  But  the  historical 
facts  do  not  uphold  these  statements. 

The  Russian  revolution  which  had  forced  the  last  Czar  to  abdicate, 
had  taken  place  eight  months  before  the  Bolshevik  coup  in  Petrograd.  The 
Germans  had  their  short  revolution  against  the  collapsing  militaristic  gov¬ 
ernment  of  the  Kaiser  in  November,  1918,  and  the  Italians  had  no  revolu¬ 
tion  at  all.  What  brought  Lenin,  Mussolini  and  Hitler  into  power  were 
not  spontaneous  revolutions  of  the  Russian,  Italian  and  German  masses,  but 
clever,  excellently  prepared  and  directed  short  coups  d'etat  of  small  minor¬ 
ity  groups  who  did  not  even  need  the  support  of  the  masses. 

It  is,  however,  understandable  why  these  minority  groups  of  Bolshevik!, 
Fascists  and  National  Socialists  claimed  to  be  the  promoters  of  great  popu¬ 
lar  revolutions.  It  is  reasonable  to  assume  that  all  great  revolutions  of 
world  history  were  inevitable  necessities.  People  generally  wait  for  a  long 
time,  patiently  suffering,  before  they  take  up  arms  to  fight  for  the  redress 
of  their  grievances  against  their  established  governments.  This  was  the 
case  in  the  English,  the  American,  and  the  French  revolution  during  the 
XVII  and  XVIII  centuries.  As  long  as  the  people  can  be  convinced  that  the 
state  is  seriously  attempting  to  fulfill  its  obligations  through  reforms,  the 
masses  will  not  turn  to  violence.  The  inevitability,  after  all  other  possi¬ 
bilities  have  been  exhausted,  is  the  significant  characteristic  of  all  great 
revolutions.  Lenin,  Mussolini  and  Hitler  needed  such  an  alibi  for  their  own 
selfish  and  vastly  unpopular  coups,  not  to  mention  General  Franco  who 
until  the  end  of  the  Spanish  Civil  War  definitely  did  not  have  the  support 
of  the  masses  of  the  Spanish  people.  • 

The  goal  of  every  real  revolution  is  not  only  the  overthrow  of  an  ex¬ 
isting  political  order.  The  "classical55  revolutions  have  had  their  broad 
positive  programs.  A  few  slogans  of  such  a  new  political,  social,  and  eco¬ 
nomic  program  were  hammered  into  the  minds  of  the  people  by  some 
demagogues;  then  the  revolutions  took  their  inevitable  course.  More  in¬ 
tellectual  preparation  of  the  masses  was  not  necessary.  People  do  not  make 
revolutions  for  a  political  philosophy.  They  revolt— -mostly— -because  they 
are  hungry.  The  Russian  muzhik  and  soldier  in  March,  1917,  could  not 
read  the  Communist  Manifesto,  because  he  could  not  read.  He  simply  re¬ 
volted  under  the  slogan:  Peace!  Land!  Bread!  But  behind  these  few  slogans, 
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the  leaders  of  the  revolution  always  had  their  detailed  programs  ready, 
developed  out  of  a  new  political  philosophy,  a  new  conception  of  the  state 
and  the  relation  between  the  people  and  the  state.  There  always  were  dif¬ 
ferent  groups  of  revolutionaries  and  different  programs,  in  England,  Amer¬ 
ica,  and  France  as  well  as  at  the  outbreak  of  the  first  Russian  revolution 
in  March,  1917.  Only  the  elite,  the  intelligentsia,  knew  these  programs, 
the  bold  revolutionary  promises,  the  flaming  ideals,  the  utopic  goals  and  the 
realistic  plans  for  the  conquest  of  power.  No  revolution  can  be  victorious 
without  such  an  idealistic  avant-garde  whose  members,  very  often  blind 
to  the  crude  realities  of  life,  are  willing  to  fight  and  to  die  for  their  pro¬ 
gram  and  a  promised  better  world. 

What  distinguished  the  fascist  movements  and  their  seizing  of  state 
control  so  decisively  from  the  "classical”  revolutions— the  English  under 
Cromwell,  the  American,  and  the  French  revolution — is  the  fact  that  they 
had  no  social  or  economic  program,  only  a  political  one  founded  on  the 
power  of  the  one-party  state  and  its  unlimited  control  over  everything. 
For  Mussolini  and  Hitler  this  political  program  culminated  and  was  inte¬ 
grated  in  the  "Fuehrerprinzip”,  their  own  personal  dictatorship.  Their 
whole  political  career  was  directed  to  this  one  goal.  The  party  was  only 
the  instrument  for  the  fulfillment  of  their  personal  ambitions.  Thomas 
Carlyle  and  the  German  imperial  university  professors,  Treitschke  and 
Troeltsch,  with  their  power-drunken  philosophy  of  unlimited  state  power 
and  supremacy  of  one  race  over  all  others,  had  influenced  Hitler’s  book 
"Mein  Kampf”.  But  all  this  boiled  down  to  the  overwhelming  quest  for 
personal  power.  The  lack  of  any  constructive,  social  program  for  the 
masses  in  fascist  Italy  and  Nazi  Germany  was  pitiful. 

During  the  first  months  of  the  French  Revolution,  Mirabeau  said 
about  Prussia:  "Prussia  is  not  a  state  possessing  an  army,  but  an  army 
possessing  a  state.”  One  could  modify  this  statement  today  and  say: 
"Fascist  Italy  and  Nazi  Germany  were  not  states  possessing  strong  one 
party  leaders,  but  a  Duce  and  a  Fuehrer  who  possessed  the  states.”  Imme¬ 
diately  after  both  men  had  established  their  totalitarian  states,  they  denied 
all  responsibility  to  the  people  as  a  social  organism.  The  vague  social  and 
economic  promises  which  had  been  made  to  practically  all  classes  prior  to 
the  great  coup,  were  transformed  into  duties  towards  the  leader.  "Obedire!” 
(obey!)  it  cried  from  the  walls  of  all  houses  even  in  the  smallest  Italian 
village.  "Fuehrer  command,  we  will  follow!”  yelled  the  uniformed  party 
members  in  Germany  during  their  parades.  This  was  the  gist  of  their  so- 
called  program.  The  only  promises  which  were  fulfilled  after  the  seizure 
of  power,  were  those  which  the  leader  had  made  to  himself.  The  political 
and  economic  philosophy  of  the  party  turned  out  as  a  shrewd  mechanism 
of  state  control  over  everybody  and  everything  with  the  single  purpose  to 
strengthen  the  "Fuehrerprinzip”,  the  accumulation  of  unlimited  power  in 
the  hands  of  one  single  man.  The  masses  were  deprived  of  their  almost- 
gained  liberties  under  the  motto:  "Nothing  outside  the  state,  nothing  against 
the  sate,  nothing  above  the  state!”  (Mussolini). 

The  development  in  Russia  was  somewhat  different,  at  least  at  the 
beginning.  At  the  outbreak  of  the  revolution,  in  March,  1917,  the  Com¬ 
munist  Party  (Bolsheviki)  with  its  seventy-year-old  program — -the  Com¬ 
munist  Manifesto  of  Karl  Marx — -was  only  a  small  minority  group  among 
several  other  revolutionary  parties  and  programs.  Kerenski’s  provisional 
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government  tried  in  vain  to  "stop”  the  revolution  on  a  constitutional  basis. 
Kerenski  was  overrun  by  the  Bolshevik  coup  in  November,  1917.  We  can 
understand  much  better  what  happened  in  Russia  between  1917  and 
Lenin’s  death  in  1924,  and  what  has  happened  since  then,  when  we  con¬ 
sider  the  seizure  of  power  by  the  Bolsheviki  under  Lenin’s  leadership  as  noth¬ 
ing  else  than  the  second  chapter  of  the  Russian  revolution.  For  Lenin,  the 
power  of  the  new  Russia  still  was  embodied  in  the  Supreme  Soviet  of  the 
U.S.S.R.  and  in  the  council  of  the  Commissars,  not  in  his  own  person.  He 
still  strongly  believed  in  the  Manifesto  and  in  the  classless  state.  He  fore¬ 
saw  his  early  death  and  made  detailed  provisions  for  the  commanding  of¬ 
fices  in  the  party.  But  then  was  begun  the  third  and  decisive  and  finishing 
chapter  with  Stalin’s  complete  victory  over  the  Trotzky  opposition  and 
the  following  purge  of  "counter  revolutionary”  party  leaders  in  1927. 
Since  Stalin’s  coup,  Russia  is  also  governed  exclusively  by  the  "Fuehrer- 
prinzip,”  culminating  in  the  one  man,  Stalin.  The  party  program,  Marx’s 
Manifesto  and  Lenin’s  doctrines,  are  a  headache  for  government  teachers  at 
the  Russian  schools. 

What  can  an  idealistic  communist  do  in  such  a  dilemma,  in  Russia 
or  in  any  other  country  of  the  world,  whether  he  be  one  of  the  old  revo¬ 
lutionary  guard  or  one  of  the  young  students  of  Marx  and  Lenin?  He  finds 
himself  confronted  with  the  crude  alternative,  either  to  die  as  a  martyr 
for  the  great  cause,  or  to  bow  to  Stalin  whose  word  alone  is  now  the  pro¬ 
gram.  Exactly  in  the  same  situation  were  hundreds  of  idealistic,  revolu¬ 
tionary  Fascists  and  Nazis  in  Italy  and  Germany.  The  almost  regular  purges 
inside  party  ranks  are  common  features  in  all  totalitarian  states. 

All  Western  revolutions  of  the  XVII,  XVIII  and  XIX  centuries  have 
ended  in  compromises:  the  constitutional,  parliamentary  monarchy  in  Eng¬ 
land,  the  Federal  Constitution  in  America,  the  Code  Napoleon  and  the 
Bill  of  Rights  in  France.  None  of  these  revolutions  has  fulfilled  all  the 
dreams  of  Milton  and  Cromwell,  Samuel  Adams  and  Thomas  Jefferson, 
Mirabeau  and  Danton.  And  still,  these  revolutions  have  made  tremendous 
contributions  to  the  progress  of  our  Western  humanity.  The  anonymous 
masses  gained  something  in  the  end. 

The  fascist  leaders  in  Italy  and  Germany,  the  Bolshevik  coup  in  Rus¬ 
sia  and — very  probably— -in  China  could  not  be  stopped  and  forced  down 
into  a  compromise.  They  were  one  hundred  percent  victorious;  they  had 
organized  their  forces  well  enough  to  defeat  all  countermovements;  the 
leaders  could  expand  their  power  beyond  all  limits,  until  this  power  ex¬ 
ploded  under  its  own  high  pressure.  This  is  exactly  what  has  happened  in 
Italy  and  Germany,  and  this  is  what  will  happen  in  Russia  and  China. 
Under  the  high  pressure  of  the  one-man  dictatorship  all  idealistic  dreams  of 
an  utopic  party  or  class  program  are  sentenced  to  death,  with  the  excep¬ 
tion  of  the  one  demoniac  dream  of  the  leader:  power.  But  the  masses  every¬ 
where,  even  the  well  organized  masses  of  totalitarian  parties,  are — in  the  last 
analysis — not  interested  in  power.  The  masses  are  not  dreaming  of  Utopia. 
They  dream  of  bread  and  butter,  better  working  conditions,  peace,  secur¬ 
ity,  and  a  few  personal  liberties,  especially  the  liberty  to  enjoy  life  as  they 
please.  All  this  had  been  promised  to  the  Italians,  Germans,  and  Russians, 
and  none  of  these  promises  have  been  fulfilled. 

Not  only  did  all  totalitarian  governments  deprive  the  working-man 
of  his  fundamental  rights  of  collective  bargaining  and  striking,  they  even 
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confiscated  his  money  which  he  had  paid  to  his  trade  union.  It  is  correct 
that  Mussolini,  Hitler,  and  Stalin  abolished  unemployment,  through  en¬ 
forced  labor  on  government  projects  for  minimum  wages.  The  government 
guaranteed  the  farmer  a  market  for  his  products,  but  fixed  the  prices  at  a 
low  level,  telling  the  farmer  what  and  what  not  to  produce.  During  the 
first  months  of  the  Russian  revolution,  the  peasants  took  over  the  big  es¬ 
tates  of  the  former  landowners  and  divided  the  land  among  themselves. 
Today  there  are  only  collective  and  state  farms  in  Russia.  The  individual 
farmer  is  mostly  just  a  farm  worker;  he  has  no  land  of  his  own  with  the 
exception  of  a  kitchen  garden.  In  Nazi  Germany  the  farmer  was  not  al¬ 
lowed  to  buy  or  to  sell  land  without  permit  of  the  government.  In  Italy 
the  big  feudal  estates  in  the  south  and  in  Sicily  were  not  touched  by  Mus¬ 
solini’s  government,  and  the  population  there  remained  what  they  had  al¬ 
ways  been:  poor  tenants  or  farm  hands  who  during  the  winter  went  into 
the  mountains  and  collected  wild  chestnuts  as  their  daily  food. 

The  Communist  Manifesto  declared  that  "the  work  of  the  proletarians 
has  lost  all  individual  character  and,  consequently,  all  charm  for  the  work¬ 
men”.  Who  dares  ask  the  Russian  industrial  workman  of  today  what  he 
thinks  about  these  words  of  Karl  Marx?  Working  conditions  in  the  Rus¬ 
sian  industry  are  even  worse  than  a  hundred  years  before,  in  spite  of  better 
factories  and  machinery,  because  the  workman  has  no  chance  for  a  change. 
He  is,  in  the  mines,  in  the  facorties,  in  the  transportation  system,  nothing 
else  than  a  forced  laborer,  not  to  mention  the  terribly  low  conditions  in 
the  compulsory  labor  camps  with  their  deadly  slave  labor. 

Marx  had  preached:  "The  proletarian  movement  is  the  self-conscious, 
independent  movement  of  the  immense  majority,  in  the  interest  of  the  im¬ 
mense  majority”.  Every  word  in  this  program  is  merely  blasphemy  com¬ 
pared  with  the  Russian  practice,  the  so-called  proletarian  state  of  today. 
There  is  no  proletarian  movement  at  all  in  Russia,  neither  self-conscious 
nor  independent,  and  the  immense  majority  of  the  200  millions  of  the 
USSR  is  controlled  by  the  small  minority  of  about  5  million  party  mem¬ 
bers,  not  in  the  interest  of  the  immense  majority,  but  in  the  interest,  ex¬ 
clusively,  of  a  still  smaller  minority,  in  fact  a  handful  of  men  in  the 
Kremlin,  who  are  under  no  public  liability  at  all. 

Stalin  keeps  his  power  by  bureaucratic  rather  than  democratic  methods, 
much  more  so  than  a  Western  labor  leader  like  John  L.  Lewis.  His  power 
is  stronger  and  less  limited  than  that  of  any  captain  of  industry  or  finan¬ 
cier  in  a  capitalistic,  plutocratic  state.  The  Russian  state  of  today  has 
much  more  fascist  than  truly  communistic  characteristics.  Some  of  Hitler’s, 
Mussolini’s,  Rocco’s  and  Carlyle’s  doctrines  seem  to  have  been  written  di¬ 
rectly  for  Stalin.  Some  former  Nazi  politicians  and  scientists  in  eastern 
Germany  have  no  scruples  about  serving  the  Russians  today.  The  system  is 
about  the  same. 

One  of  Lenin’s  leading  and— -as  we  see  it  today-most  utopian  ideas 
is  the  following  prophecy  in  his  book,  State  and  Revolution :  "The  revolu¬ 
tionary  dictatorship  of  the  proletariat  is  only  a  political  transition  period 
from  capitalism  to  communism.  During  this  transition  there  will  be  democ¬ 
racy  for  the  vast  majority  of  the  people.  Then,  the  state  will  wither  away. 
In  the  classless  communist  society  the  state  ceases  to  exist.  People,  freed 
from  capitalist  slavery,  from  the  untold  horrors,  savagery,  absurdities  and 
infamies  of  capitalist  exploitation,  will  become  accustomed  to  observe  the 
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elementary  rules  of  social  life.  Only  communism  makes  the  state  absolutely 
unnecessary,  for  there  is  no  one  to  be  suppressed.”  The  realistic  picture  of 
present-day  Russia  shows  that  the  state  is  all  powerful,  more  so  than  under 
any  Czar,  and  that  neither  the  state  nor  Stalin  has  evidenced  any  inclina¬ 
tion  to  "wither  away”.  The  glorification  of  power  has  displaced  all  ends 
and  objectives  which  once  formed  the  core  of  Communist  thought.  It  is, 
in  the  end,  not  even  the  Communist  Party  which  is  in  power  in  Russia.  It 
is  Stalin  alone,  and  the  small  group  of  ambitious,  suspicious,  and  jealous 
men  around  him.  It  was  exactly  the  same  in  Germany  and  Italy. 

Is  it  astonishing  that  such  a  complete  lack  of  responsibility  towards 
their  program  and  the  people  has  produced  the  worst  and  most  disgusting 
characteristic  of  all  totalitarian  governments:  the  high  reputation  and 
power  of  the  criminal?  It  has  been  denied  a  hundred  times,  and  is  still  a  fact 
that  measured  along  the  most  fundamental  moral  code  of  all  civilizations, 
the  leading  men  around  Hitler  and  Mussolini  as  well  as  thousands  of  petty 
officials  of  the  party  organization  were  nothing  else  than  cynical  gangsters 
— living,  ruling,  judging  according  to  their  own  conception  of  gangster 
honor  and  decency.  Why  point  at  the  thousands  of  idealists  who  whole¬ 
heartedly  accepted  the  party  doctrine  and  the  superman  role  of  the  leader? 
The  leader  has  only  a  limited  use  for  the  idealist,  in  minor  jobs  as  propa¬ 
gandist  and  speaker.  No  large  responsibility  can  be  entrusted  to  him.  The 
men  on  top  are  the  shrewd,  cold-blooded,  power-drunk  and  ruthless,  ego¬ 
istic  organizers  of  an  all  powerful  dictatorial  agency.  But  also  in  the  lower 
ranks  of  a  one  party  system,  it  is  the  scoundrel,  the  traitor,  liar  and  spy, 
the  cynical  opportunist  by  all  means,  who  succeeds  faster  than  the  "true 
follower”.  These  people  usually  had  met  bankruptcy  in  their  former  pro¬ 
fession  (e.g.,  Hitler  himself).  Not  only  had  they  "nothing  to  lose”,  as 
Marx  said  in  his  Manifesto,  but  they  were  confronted  with  unemployment, 
imprisonment  or  suicide.  As  henchmen  of  the  party  they  were  exactly  what 
the  leader  needed  in  order  to  build  his  power  on  general  terror.  The  sadism 
of  self-important  little  officials  terrorized  the  Italians  and  Germans.  The 
situation  in  the  countries  behind  the  Iron  Curtain  are  exactly  the  same 
today. 

We  know  very  little  about  the  internal  conditions  in  Russia  proper, 
the  life  in  the  collectives  and  the  big  industrial  cities.  But  we  read  again 
and  again  that  the  most  ruthless  and  cruel  party  officials  in  the  countries 
behind  the  Iron  Curtain  are  all  "Moscow  trained”.  The  methods  of  attain¬ 
ing  confessions  from  alleged  spies  and  traitors  through  a  diabolic  system 
of  tortures,  have  been  scientifically  developed  in  Moscow.  Power,  force  and 
violence,  when  legally  sanctioned  by  the  highest  authority,  develop  crimi¬ 
nal  tendencies  in  many  people.  We  can  be  sure  that  also  in  Russia  herself 
the  system  operates  to  a  large  extent  with  the  active  support  of  morally 
underdeveloped  characters.  The  "classless  society”  is  controlled  by  cynical 
outcasts  from  human  society. 

It  is  quite  probable,  although  we  cannot  be  certain,  that  the  Russian 
danger  will  rapidly  "wither  away”  after  Stalin’s  death.  But  communism 
as  a  new  economic  doctrine,  a  left-wing  radical  socialism,  will  not  dis¬ 
appear  very  soon.  The  program  still  stands  and  may  attract  dissatisfied 
masses  in  all  countries,  in  spite  of  the  terrible  negation  of  its  principles  in 
Bolshevik  Russia.  Communism  as  a  political  and  economic  program  can  be 
avoided  or  kept  down  only  by  a  sound  economy  of  personal  enterprise  with 
a  deep,  controlling  responsibility  to  all. 
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Since  graphs  are  used  extensively  in  scientific  publications  and  lec¬ 
tures,  a  discussion  of  some  of  the  practical  points  in  their  preparation  is 
offered  here  in  the  hope  that  it  will  be  of  benefit  to  authors  and  their  as¬ 
sistants.  This  commentary  is  presented  from  the  standpoint  of  the  artist 
or  draftsman. 

A  graph  may  express  the  results  of  exhaustive  and  scholarly  research, 
but  if  it  is  not  well-executed  and  neat,  in  pleasing  proportions  and  well 
spaced  on  the  page,  easily  read  and  interpreted,  its  content  will  not  save 
its  face.  An  important  message  is  worthy  of  the  best  visual  presentation 
that  we  can  give  it.  This  means  that  the  artist  gives  careful  consideration 
to  the  material  that  is  brought  to  him  before  he  puts  a  line  on  paper. 

What  is  the  best  way  to  tell  the  story?  Sometimes  a  column  graph 
may  fit  the  facts  better  than  a  line  graph,  or  these  two  forms  may  be  com¬ 
bined.  In  a  group  of  curves,  one  may  be  of  greater  importance  than  the  oth¬ 
ers  and  thus  require  emphasis.  The  artist  plans  the  general  layout  or  de¬ 
sign,  bearing  in  mind  that  a  rectangular  shape  is  more  pleasing  to  look  at 
than  is  a  square,  although  the  latter  shape  is  sometimes  unavoidable.  When 
a  graph  is  constructed  on  the  diagonal  of  the  usual  standard  size  lantern 
slide  (4  x  3%  inches)  or  conforms  in  a  general  way  to  the  slide  propor¬ 
tions,  it  will  almost  always  look  good  when  published,  too. 

We  use  a  prepared  section  paper  which  comes  in  an  ideal  sheet  size  of 
22  x  17  inches,  marked  in  inches  and  tenths  of  inches,  and  printed  in  green- 
blue  ink  which  can  be  filtered  out  photographically.  We  begin  work  in  the 
lower  left  corner,  first  planning  the  horizontal  and  vertical  scales  (X  axis 
and  Y  axis  respectively)  which  represent  the  two  variables.  Margins  for 
scale  designations  must  of  course  be  allowed  (Fig.  1).  It  is  highly  important 
to  choose  scales  which  will  give  a  true  picture  of  the  facts,  for  the  appear¬ 
ance  of  the  curves  depends  upon  the  scale  layout.  Since  the  angles  of  nor¬ 
mal  trends  necessarily  vary  and  the  choice  of  scales  cannot  be  standardized, 
one  must  use  his  own  good  judgement  as  to  what  is  "a  true  picture.”  Manip¬ 
ulation  of  the  scales  for  the  purpose  of  portraying  movements  known  to 
misrepresent  the  data  is  not  ethical  draftsmanship.  The  American  Standards 
Association,  in  its  excellent  manual  on  Time-Series  Charts ,  has  an  illuminat¬ 
ing  section  on  "Scale  Selection.” 

The  size  chosen  for  the  original  graph  depends  largely  upon  the 
amount  of  material  that  has  to  go  on  it.  Any  original  drawing  should  be 
at  least  one  and  a  half  or  two  times  the  size  of  the  final  published  copy, 
so  that  any  irregularities  of  execution  will  be  minimized  and  so  that  it  can 
be  easily  handled  by  the  artist.  ("Two  times”  is  used  with  the  engraver’s 
interpretation  of  linear  measurement;  that  is,  four  times  area.)  We  often 
make  graphs  three  or  four  times  the  published  size. 

Presented  before  The  Texas  Academy  of  Science  Dec.  8,  1951,  at  Austin,  Texas. 


4  99 


500 


The  Texas  Journal  of  Science 


1952,  No.  4 
December  30 


The  lettering  used  on  a  graph  must  be  plain  and  clear.  In  our  depart¬ 
ment  we  still  believe  in  hand  lettering,  provided  it  is  well  done.  We  do  not 
disapprove  of  lettering  guides,  for  they  are  unquestionably  neat  and  we  do 
occasionally  use  them;  but  we  believe  that  hand  lettering  gives  a  certain 
distinction  and  a  human  touch  which  cannot  be  disregarded  even  in  a  world 
of  cold  facts.  Also,  hand  lettering  is  more  versatile  and  can  be  adapted 
better  to  certain  space  requirements  than  can  template  lettering.  As  a 
general  rule,  we  do  not  recommend  the  use  of  the  typewriter  (especially 
an  office  typewriter)  for  lettering  that  is  to  be  published,  as  the  letters 
may  plug  in  the  centers,  fade  away  at  the  edges,  and  have  an  over-all 
blotchy  and  poorly-spaced  appearance.  However,  a  machine  with  extra-size 
type  (about  3/16  inch  high)  and  an  18-inch  carriage  can  be  helpful  in 
the  preparation  of  copy  for  lantern  slides  and,  occasionally,  for  publication 
also. 

In  the  course  of  a  graph’s  construction,  various  problems  arise.  For 
instance,  how  many  grid  lines  should  be  shown?  This  depends  upon  the 
purpose  of  the  graph.  If  the  general  movement  of  the  curves  is  all  that 
needs  to  be  presented,  as  in  Figures  1  and  3,  the  grid  lines,  with  the  ex¬ 
ception  of  the  outside  four,  may  be  reduced  to  stubs,  leaving  a  white  field 
which  emphasizes  the  curves  beautifully.  This  elimination  of  the  through 
lines  is  the  present  custom  in  most  of  our  medical  graphs.  If  the  graph  is 
made  for  very  close  reading  of  values,  however,  a  number  of  lines  must 
be  used.  No  matter  what  the  final  form,  it  is  necessary  to  have  sufficient 
lines  during  the  graph’s  construction  to  make  it  as  accurate  as  is  the  data 
submitted.  The  use  of  the  section  paper  previously  mentioned  saves  many 
hours  of  ruling  lines. 


FIG.  1— -  Graph  with  parts  labeled. 
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What  is  the  procedure  if  there  are  two  or  more  amount  scales?  If 
there  are  two,  one  is  ordinarily  put  at  each  side  of  the  grid.  The  zero  lines 
should  coincide  and  so  should  the  other  horizontals  (Fig.  3).  Unless  the 
scale  captions  are  so  brief  that  they  can  be  easily  spaced  at  the  top,  they 
are  placed  at  the  sides  of  the  grid,  always  reading  up.  If  there  are  three 
amount  scales,  two  are  usually  put  at  the  left  and  one  at  the  right;  if  four, 
two  are  put  at  each  end,  or  two  separate  graphs  may  be  constructed  if  ex¬ 
pedient.  Too  much  data  on  one  graph  can  make  it  look  like  a  blueprint  for 
confusion  instead  of  a  visual  aid. 

What  does  one  do  if  the  horizontal  or  vertical  scale  changes  (as  from 
years  to  months,  for  instance)  ?  A  break  is  indicated  in  the  grid  and  in 
the  curves.  This  may  be  shown  by  two  parallel  cross  lines  at  an  angle,  or 
by  a  short  wavy  or  angulated  line.  There  may  be  also  a  change  in  the  fre¬ 
quency  of  grid  rulings. 

How  can  the  curves  be  given  proper  emphasis?  They  are  the  center 
of  interest,  the  elements  for  which  all  else  is  but  a  framework;  or,  to  put 
it  biologically,  the  curves  are  the  parenchyma  which  should  stand  out  against 
the  stroma  of  grid  and  scales.  If  there  is  only  one  curve,  or  two  which  inter¬ 
sect  very  little,  they  may  be  given  a  weight  which  is  five  or  six  times  the 
width  of  the  grid  rulings  or  enclosing  "box.”  If  there  are  several  curves, 
they  may  be  only  two  or  three  times  the  grid  ruling  size.  Another  factor 
influencing  the  width  of  curves  is  the  degree  of  accuracy  necessary  in  de¬ 
picting  the  plotted  points.  A  narrow  curve  can  be  more  exactly  interpreted 
than  can  a  wide  one. 

For  differentiation  of  curves,  several  patterns  may  be  used,  the  solid 
line  usually  being  given  to  the  most  important,  where  a  difference  exists. 
Symbols  for  the  plotted  points  may  also  be  varied;  open  and  closed  circles, 
for  example.  An  "X”  is  a  poor  plotting  symbol  and  its  use  should  be  avoided. 

In  connection  with  column  or  surface  graphs,  what  is  the  best  way 
to  differentiate  the  areas?  We  use  transparent  overlay  sheets  with  paraffined 
back  which  come  in  a  number  of  patterns  and  save  many  hours  of  hand 
ruling  or  stippling.  "Zipatone”  sheets  are  very  convenient  to  use  for  this 
purpose.  Patterns  should  be  chosen  which  take  reduction  successfully.  Before 
the  Zipatone  is  applied,  all  pencil  marks  must  be  erased  from  the  drawing. 

Figure  2  is  a  graph  which  was  purposely  constructed  to  demonstrate 

several  errors.  The  curves  which  carry  the  message  are  all  but  lost  in  a 

forest  of  grid  lines  and  the  plotted  points  are  hardly  discernible.  The  letter¬ 
ing  is  in  a  sad  state,  as  it  was  carelessly  done  on  an  office  typewriter.  The 
scale  numerals,  although  drawn  by  hand,  are  poorly  executed  in  a  style 
which  causes  the  closed  figures  to  plug.  They  are  placed  too  close  to  the 
grid  lines  and  are  not  centered  at  the  ends  of  the  coordinates  as  they  should 
be.  The  amount  scale  captions  are  centered  and  the  one  on  the  right,  "urine 
output,”  should  read  up  instead  of  down.  There  are  also  errors  which  an 
editor  would  notice  and  which  it  is  well  for  the  scientific  illustrator  to 
correct  when  he  can.  According  to  the  booklet  of  suggestions  to  authors 
published  by  the  W.  B.  Saunders  Company,  the  correct  abbreviation  for 
grams  is  simply  gm.  (no  "s”)  and  that  for  cubic  centimeters  is  cc.  It  should 
be  mentioned  that  some  publishers  follow  other  customs  of  abbreviation. 

Figure  3  shows  the  same  graph  in  a  correct  form  as  executed  for  the 

physician.  The  entire  shape  conforms  closely  to  that  of  a  standard-size 
lantern  slide.  The  representation  of  "urine  output”  has  been  changed  to 
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FIG.  2 — Example  of  incorrect  graph  construction.  Note  the  poor  layout  and  the 
moth-eaten”  appearance  of  the  typewritten  words. 


FIG.  3 — A  correct  form  of  presenting  data  of  Fig.  2. 
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columns,  with  the  result  that  the  two  curves  representing  "total  protein” 
and  "weight”  stand  out  in  quickly  comparable  contrast.  Lettering  and  figures 
are  easily  read.  It  was  possible  here  to  place  the  right-hand  scale  caption 
above  the  column  to  read  horizontally  without  extending  the  margins  of 
the  drawing.  Such  placement  would  not  have  been  practical  in  the  case 
of  the  left  side  scale  captions. 

We  consider  it  very  poor  composition,  as  well  as  poor  economy  in  en¬ 
graving,  to  place  a  long  caption  horizontally  at  the  side  to  hang  out  over 
a  useless  blank  space.  Strangely  enough,  a  widely  used  book  on  graphs  recom¬ 
mends  this  procedure.  Surely  most  persons  who  are  accustomed  to  scientific 
reading  can  grasp  a  caption  reading  vertically  almost  as  quickly  as  one  placed 
horizontally.  In  fact,  those  of  us  who  are  used  to  reading  the  morning  paper 
upside  down,  as  held  by  someone  else,  find  mere  vertical  reading  a  snap. 
At  any  rate,  we  believe  that  common  sense  should  guide  our  decisions  as 
to  where  to  place  what,  and  that  there  should  be  a  little  room  for  variation. 

In  connection  with  variation,  let  it  be  stated  that  the  several  sugges¬ 
tions  made  here  should  not  be  considered  as  absolute  rules  of  procedure.  In 
many  cases,  there  are  several  equally  effective  ways  of  showing  the  same 
data.  If  the  graph  is  constructed  with  the  first  emphasis  on  its  message  and 
with  every  part  contributing  by  design  and  good  technique  toward  that 
message,  it  should  be  more  than  a  stuffy  piece  of  statistics.  To  the  author 
and  to  others  interested  in  his  specialty,  it  can  become  a  fascinating  form  of 
factual  art. 
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SANITARY  POLLUTION  IN  THE  HARRIS  COUNTY- 
GALYESTON  BAY  AREA* 


FRANK  J.  METYKO 
Consulting  Engineer 

Harris  County  Steam  Pollution  Surveys 

Harris  County,  Texas,  has  been  particularly  blessed  with  a  natural 
network  of  bayous,  bays  and  waterways.  Few  people  consider  how  all  im¬ 
portant  this  has  been  to  our  economic,  civic  and  industrial  growth.  Develop¬ 
ment  of  the  waterways  has  provided  incentive  for  new  industrial  plants  to 
locate — in  order  to  have  access  to  water  transportation  and  to  use  the  water 
for  processing,  cooling  and  boiler  makeup.  They  have  provided  natural  storm 
drainage  channels  that  carry  off  the  surplus  flood  waters  that  would  other¬ 
wise  make  the  surrounding  land  untenable.  A  large  part  of  our  recreational 
activity — -fishing,  swimming,  boating,  hunting,  hiking,  has,  or  could,  center 
around  these  water  courses.  In  the  near  future  a  large  part  of  the  water  we 
drink  and  bathe  in  will  stem  from  using  one  of  these  rivers  as  a  supply. 
Premium  priced  homes  and  public  parks  are  built  along  the  bayous  for 
esthetic  reasons. 

There  is  still  another  use,  however,  of  the  County's  waterways  that 
equally  has  served  in  the  growth  of  our  community,  that  is  the  use  for 
waterborne  disposals  of  wastes. 

The  ensuing  paper  deals  with  this  latter  use,  or  rather  overuse,  for 
stream  pollution,  simply  stated,  is  the  overuse  of  a  waterway  for  waste 
disposal  purposes. 

Pollution  seriously  endangers  all  of  the  aforementioned  beneficial  uses 
to  which  our  natural  waters  are  put.  It  silts  up  our  waterways  so  that  flood 
crests  are  higher,  and  settles  in  our  ship  channel  so  that  extra  dredging  is 
necessary.  It  has  slowly  choked  our  sport  and  commercial  fishing.  It  limits 
our  natural  swimming  and  other  recreational  activities.  Industry  is  denied 
the  use  of  the  water  for  processing,  cooling,  and  condensing  because  of  oils 
and  scums.  Adjacent  property  values  are  depreciated  by  the  foul  appear¬ 
ance,  and  the  stenches  offend  all.  Bridges,  piers,  boat  hulls  and  other  naviga¬ 
tional  structures  are  attacked  by  fumes  and  acids.  But  perhaps  most  impor¬ 
tant  of  all,  the  sanitation  and  welfare  of  our  entire  community  is  jeopardized. 

This  is  not  a  problem  that  Washington  or  Austin  should  solve  because 
it  does  not  effect  Washington  or  Austin.  The  solution  must  come  from 
within  the  area  directly  concerned  and  it  is  for  this  reason  that  Harris 
County  Commissioners  Court  originally  undertook  and  has  since  maintained 
its  pollution  abatement  program. 

This  program  has  consistently  followed  the  following  program: 

1.  Determination  of  the  current  facts  relative  to  pollution. 

2.  Analyzing  the  facts  and  promulgating  sound  engineering  remedial 
methods. 


*  Presented  at  the  combined  Texas  Game  and  Fish  Commission  Mar.r.e  Seminar  and  the 
Texas  Academy  of  Science  Meeting  April  12,  1952,  at  Roekport,  Texas.  Based  on  Annual 
Pollution  progress  report  submitted  to  Harris  County  Commissioners  Court  Feb.  21,  1952. 
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3.  Informing  the  offenders  and  the  public  of  the  significance  of  the 
facts. 

4.  Procuring  the  remedial  measures. 

The  very  gratifying  progress  in  pollution  abatement  in  Harris  County 
since  the  surveys  started  bear  witness  that  the  program  is  sound  and  work¬ 
able. 

YARD  STICKS 

Before  going  into  some  of  the  detailed  results  obtained  by  the  Harris 
County  Bayou  Pollution  Survey,  an  attempt  is  made  to  explain  some  of  the 
"yardsticks”  used  in  pollution  work. 

Raw  sewerage  is  organic  matter  in  a  very  unstable  chemical  state.  In 
the  process  of  decomposition  the  organic  content  is  oxidized  by  bacterial 
life.  The  only  source  of  oxygen  for  this  process  is  the  free  oxygen  dissolved 
in  the  streams.  This  is  measured  in  extremely  small  quantities  through  the 
Dissolved  Oxygen  tests  and  is  expressed  in  parts  of  oxygen  per  million  parts 
of  water.  The  actual  measurement  of  the  oragnic  matter  present  in  sewer¬ 
age  is  made  by  running  two  dissolved  oxygen  tests  over  a  five  day  period 
under  controlled  conditions,  such  that  the  difference  indicates  the  quantity 
of  oxygen  used  up  in  the  sample.  This  determination  is  called  Biochemical 
Oxygen  Demand  and  is  also  expressed  in  parts  per  million.  In  interpreting 
these  tests  in  stream  pollution  work,  10  parts  per  million  B.O.D.  is  generally 
considered  the  limit  of  organic  matter  above  which  offensive  decomposition 
odors  are  apt  to  be  noticed.  At  this  level  esthetic  values  are  impaired,  the 
stream  turns  progressively  black  and  turbid  and  reaches  a  condition  known 
as  a  "degraded  zone.” 

Fish  life  is  affected  by  the  low  dissolved  oxygen  content  since  game 
fish  cannot  live  in  water  having  less  than  4  ppm  dissolved  oxygen.  At  lower 
D.  O.  values,  no  fish  life  at  all  can  exist  while  obnoxious  sludge  deposits 
and  scum  films  form.  Under  septic  conditions  large  quantities  of  hydrogen 
sulphide  and  other  gases  are  liberated  which  grossly  discolor  paints  and 
tarnish  metals. 

Typhoid,  dysentery,  para-typhoid,  diarrhea  and  stomach  disorders  have 
long  been  known  to  originate  from  waterborne  wastes  of  humans.  Polio 
virus  has  been  isolated  from  stools  of  infected  patients  and  on  numerous 
occasions  directly  from  sewage  itself.  Combined  with  experimental  results 
indicating  that  flies  and  possibly  other  insects  are  also  capable  of  carrying 
polio  virus,  a  vastly  increased  significance  is  attached  to  human  pollution 
loadings  placed  upon  streams. 

The  relatively  few  pathogenic  (disease  producing)  organisms  in  a 
stream  sample  makes  their  identification  unreliable  and  sometimes  impos¬ 
sible.  Consequently,  the  quantitaive  measure  of  bacteria  of  the  coliform 
group  is  used  as  an  indicative  yardstick.  These  Coliform  Organisms  (Genus 
Eschericha),  although  harmless  in  themselves,  are  found  primarily  in  the 
intestines  of  man  and  animal,  and  in  large  enough  quantities  to  serve  as  a 
basis  for  establishing  sanitary  standards.  These  standards  vary,  depending 
upon  the  use  to  be  made  of  the  water.  The  fourth  yardstick  that  is  used 
in  pollution  survey  work  is  the  determination  of  the  Hydrogen  Ion  Concen¬ 
tration,  or  as  it  is  universally  known — pH.  This  test  measures  the  relative 
acidity  or  alkalinity  of  a  sample  with  a  pH  of  7.0  being  neutral.  This  quick 
test  has  its  value  mainly  in  determining  strong  industrial  wastes. 
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Comprehensive  evaluation  of  stream  pollution  loadings  depend  upon  a 
correlation  of  the  wastes  and  river  flows  with  the  four  above  mentioned 
yardsticks,  together  with  a  physical  inspection  of  any  contributing  factor. 

A  stream  run  consists  of  successive  samplings  at  selected  stations  of  the 
stream.  The  variance  in  the  characteristics  from  station  to  station  enables 
an  evaluation  of  the  pollution  loading  between  pollution  points.  When 
correlated  with  the  samples  of  each  contributing  point,  the  innate  stream 
recovery  properties  can  be  determined — -such  as  reoxygenation  and  bacterial 

kill. 

Another  process  of  evaluating  county-wide  pollution  is  accomplished 
through  composite  sampling  surveys  of  all  the  sanitary  sewage  treatment 
plants.  In  these  surveys,  the  amount  of  sample  collected  is  proportioned  to 
the  flow  at  the  time  of  sampling.  Samples  are  collected  at  periodic  intervals 
over  a  24  hour  period,  so  that  a  true  representative  sample  of  a  day’s  waste 
is  procured.  The  results  enable  an  evaluation  of  pollution  loadings  which 
form  an  independent  check  on  the  computed  "stream  runs”  loadings,  and 
in  the  case  of  treatment  facilities,  enables  the  determination  of  the  operat¬ 
ing  efficiency  of  the  plant,  as  well  as  the  population  equivalent  of  the  raw 
pollution  load  placed  upon  the  streams. 

SEWAGE  TREATMENT 

The  costs  attendant  to  the  control  of  sewage  are  tremendous.  But 
control  is  worth  many  times  its  cost  by  virtue  of  being  so  much  cheaper 
than  the  sickness,  death,  and  physical  and  esthetic  discomfort  that  would 
otherwise  prevail.  In  general,  for  the  urban  areas  under  study,  the  most 
logical  method  of  control  of  sewage  is: 

1.  The  collection  of  sewage  to  centralized  points. 

2.  The  treatment  of  sewage  at  these  points. 

The  collection  of  sewage  depends  primarily  upon  water  conveyance 
in  conduits,  as  first  devised  by  the  ancient  Romans.  This  system  is  used 
because  nature,  through  gravity,  can  be  made  to  do  most  of  the  work. 

Treatment  of  sewage,  on  the  other  hand,  makes  use  of  all  the  ad¬ 
vancements  of  science,  the  skill  of  trained  engineers,  biologists  and  bacter¬ 
iologists,  and  the  efficiency  of  modern  machinery. 

Unfortunately,  individual  sewer  pipes  and  treatment  plants  when 
once  they  are  built,  are  not  capable  of  automatically  growing  in  size  as  a 
city  grows  or  as  the  need  requires.  For  many  apparent  reasons,  therefore, 
sewage  systems  often  become  overloaded  or  obsolete  to  the  degree  that  both 
the  purpose  and  the  value  of  the  original  investment  is  lost. 

In  metropolitan  areas  of  population,  another  factor  is  involved,  which 
limits  the  effectiveness  of  sewerage  systems  as  a  disease  control  method.  This 
lies  in  statutory  limitations  of  power  and  responsibility  beyond  political 
limit  lines.  Disease  producing  organisms  are  not  so  encumbered  and  it  is 
not  unusual  to  have  a  fringe  area  of  a  city  control  the  incidence  of  intesti¬ 
nal  diseases  within  the  city  proper  or  vice  versa. 

The  preceding  table  clearly  reflects  the  present  status  and  past  progress 
of  sanitary  sewage  treatment  in  Harris  County.  On  the  basis  of  the  com¬ 
posite  surveys  made  on  all  of  the  operating  sanitary  sewage  treatment  plants 
in  Harris  County,  it  is  to  be  noted  that  the  average  sewage  treatment  plant 
efficiency  has  increased  from  64.0%  in  1949  to  73.0%  in  1950  to  76.5% 
in  1951.  This  represents  a  very  commendable  gain  particularly  in  view  of 
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the  rapidly  increasing  population  of  Harris  County.  It  is  likewise  to  be 
noted  that  the  raw  sewage  population  equivalent  from  plants  decreased  from 
90,617  in  1950  to  76,751  in  1951. 

The  fact  still  remains,  however,  that  a  considerable  portion  of  the 
organic  matter  that  does  reach  sewage  treatment  plants,  passes  on  through 
to  pollute  the  streams.  To  this  amount  must  be  added  much  larger  quanti¬ 
ties  of  raw  sewage,  or  its  equivalent,  that  never  reaches  a  sewage  treatment 
plant  but  which  is  discharged  directly  into  ditches  and  bayous. 

Further  summary  of  the  preceding  table  reflects  that  there  is  a  total 
of  54  sanitary  sewage  treatment  plants  in  operation  in  Harris  County,  not 
including  five  military  establishment  plants  and  various  industrial  plants. 
This  represents  an  increase  of  seven  sanitary  sewage  treatment  plants  dur¬ 
ing  the  year  of  1951.  In  addition,  there  are  at  the  present  time  eight  new 
plants  that  are  in  various  stages  of  construction. 

It  is  also  gratifying  that  the  number  of  plants  practicing  adequate 
chlorination  of  effluent  has  increased  from  twenty- three  in  1950  to  thirty- 
one  plants  in  1951.  From  the  health  standpoint,  the  chlorination  procedure 
is  the  main  step  in  bacterial  control  and  for  this  reason  it  is  strongly 
recommended  that  adequate  bacterial  disinfection  be  practiced  at  all  plants. 

Due  to  the  large  number  of  plants  that  the  City  of  Houston  operates, 
specific  mention  should  be  made  of  their  sanitary  problem.  The  City  of 
Houston  operated  17  sewage  treatment  plants  which  had  an  average  effi¬ 
ciency  of  78.5%  in  1951  as  compared  to  its  operation  of  14  plants  in  1950 
with  an  average  operating  efficiency  of  77.9%.  It  is  also  commendable  that 
adequate  chlorination  is  being  practiced  at  all  City  operated  plants.  Par¬ 
ticular  attention  must  be  given  to  the  City’s  Notrh  Side  plant  and  the 
Simms  Bayou  plant  inasmuch  as  these  two  plants  handle  by  far  the  greater 
volume  of  sewage  originating  in  the  city.  The  efficiency  of  operation  of 
the  North  Side  plant  was  increased  from  82.4%  in  1950  to  94.8%  in  1951; 
however,  the  efficiency  at  the  Simms  Bayou  plant  has  dropped  from  89.8% 
in  1950  to  81.4%  in  1951.  This  latter  decrease  in  efficiency  is  reflected 
by  the  fact  that  the  design  capacity  of  the  plant  has  been  reached  and  ex¬ 
ceeded,  and  should  be  expanded  immediately. 

Special  attention  should  also  be  directed  to  the  City  of  Baytown  in¬ 
asmuch  as  this  city  is  rapidly  increasing  in  population  and  operates  a  total 
of  five  plants.  The  average  efficiency  of  operation  of  these  five  plants  in 
1951  was  only  49.8%.  No  chlorination  is  being  practiced  at  any  of  the 
plants. 

MASTER  SANITARY  DISTRICT 

The  rapid  increase  in  the  number  of  sewage  treatment  plants,  the 
County’s  booming  population,  and  the  many  extensions  of  city  limits  lines 
beyond  the  city’s  ability  to  provide  adequate  sanitary  service,  again  focuses 
attention  to  the  need  and  advisability  of  creating  a  master  sewage  district 
to  cover  the  whole  county.  It  has  been  the  experience  of  most  major  centers 
of  population  in  the  country  that  such  a  program  eventually  becomes  a 
dire  necessity. 

Unfortunately,  in  many  of  the  sanitary  districts  in  other  parts  of  the 
country,  some  form  of  sanitation  became  absolutely  necessary  before  co¬ 
operation  among  the  groups  of  communities  involved  opened  the  possibili¬ 
ties  of  economy,  only  to  be  too  late.  The  obvious  economic  advantage  of  a 
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Master  Sanitary  District  lies  in  its  ability  to  avoid  duplication  of  plants, 
of  operating  personnel,  of  overhead.  The  full  utilization  of  all  natural 
contours  can  be  developed  in  the  installation  of  collecting  trunk  sewers. 
Moreover,  a  tremendous  savings  is  accomplished  by  the  fact  that  the  treat¬ 
ment  of  sewage  in  large  quantities  reduces  both  the  unit  cost  of  treating 
the  sewage  and  the  unit  cost  of  the  construction  of  the  treatment  facilities. 

Predictions  of  population  for  Harris  County  range  from  1,000,000  to 
3,000,000  for  1960.  Although  it  is  far  better  to  build  localized  plants  than 
to  build  none  at  all,  a  continued  pattern  of  building  small  plants  will  pro¬ 
duce  conditions  whereunder  it  will  be  impossible  to  maintain  clean  streams 
in  Harris  County.  This  is  emphasized  by  the  "results  tabulated  in  the  previous 
table  which  show  that  the  population  equivalent  of  76,784  people  reached 
the  bayous  even  though  this  sewage  is  discharged  from  sewage  treatment 
plants  operating  at  an  average  76.5%  efficiency. 

Expanding  the  population  to  1,500,000  people,  even  if  this  entire  popu¬ 
lation  is  served  by  sewers  and  assuming  that  treatment  plants  were  operating 
at  an  average  8  5  %  efficiency,  a  load  would  still  be  placed  on  the  small  flow 
streams  of  Harris  County  equivalent  to  22  5,000.  It  would  obviously  be 
impossible  to  reach  and  maintain  sanitary  conditions.  It  would  be  far  more 
advantageous  to  start  the  creation  of  a  District  now  and  thereby  provide 
for  the  growth  of  the  County  in  the  most  ecconomical  manner  possible. 

A  map  is  attached  showing  the  location  of  the  existing  sewage  treat¬ 
ment  plants,  together  with  a  preliminary  idea  of  how  these  could  be  elimi¬ 
nated  and  tied  into  one  major  sanitary  and  industrial  waste  treatment  plant, 
discharging  the  treated  effluent  into  Galveston  Bay.  It  must  be  remembered 
that  this  is  only  an  "idea  stage”  map  since  a  comprehensive  projection  of 
the  many  legal,  administrative,  financial  and  engineering  factors  involved 
far  exceed  the  scope  of  this  present  paper. 

The  outline  of  the  necessary  steps  are  as  follows: 

I.  Appointment  of  a  Steering  Committee. 

II.  Promulgation  and  enactment  of  necessary  legislation. 

III.  Projection  of  preliminary  engineering  data. 

IV.  Evaluation  of  fiscal  consideration  and  establishment  of  financial 
credit  through  grants,  revenues  and/or  taxation. 

V.  Establishment  of  administrative  organization. 

VI.  Acquisition  of  existing  facilities. 

VII.  Project  construction 

VIII.  Operation 

BAYSHORE  POLLUTION 

A  thorough  study  of  bayshore  pollution  conditions  was  made  and  re¬ 
ported  on  in  1950.  During  1951  check  runs  were  made  to  determine  the 
variation  in  pollution  along  the  bayshore.  Results  are  indicated  in  the  pre¬ 
ceding  table  along  with  the  comparison  of  prior  years  surveys.  This  table 
indicates  that  there  has  been  a  slight  improvement  along  the  shore  line  of 
Galveston  Bay.  It  is  also  to  be  noted  that  the  condition  of  Tabbs  Bay  has 
greatly  deteriorated.  The  general  results  bear  out  the  previous  year’s  analysis, 
however,  and  have  the  utmost  health  significance  in  reflecting  the  sanitary 
quality  of  water  used  for  recreational  purposes  by  many  people.  As  in  the 
previous  surveys,  tests  have  been  made  only  in  the  area  in  or  adjacent  to 
Harris  County  and  consequently  all  of  the  following  discussion  is  limited 
to  such  areas. 


SUMMARY  OF  COMPOSITE  SURVEYS 
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35.  Humble _  M  River  No  147  30.0%  65.7  68.7 

36.  Humble  Refinery  I  Ship  Channel  No  9  87.4%  84.6  New  Plant 


Effluent  %  Efficiency  ,  %  Efficiency  of  %  Efficiency  of 

Plant  Owner-  Chlori-  Population  of  B.O.D.  Removal  B.O.D.  Removal 
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TRINITY  bay 

sampling  stations 

STATION  LOCATION 

1  Ship  Channel — Center  at  Morgan  Point 

2  Ship  Channel— North  Side  at  Morgan  Point 

3  Tabbs  Bay— South  Side 

4  Tabbs  Bay-Center 

5  Tabbs  Bay— North  Side 

6  Cedar  Bayou — at  Bridge 

7  Trinity  Bay— at  Bay  View 

8  Trinity  Bay— at  Camp  Ross  Sterling 

9  Trinity  Bay— at  Camp  Alien 
10  Trinity  Bay- — at  Sea  Crest 


GALVESTON  BAY— CLEAR  CREEK 
SAMPLING  stations 

STATION  LOCATION 

1  Galveston  Bay  @  Boys  Harbor 

2  Galveston  Bay  @  Sylvian  Beach 

3  Little  Cedar  Bayou  @  La  Porte  Road 

4  Galveston  Bay  @  Shady  Shores 

5  Galveston  Bay  @  Houston  Yacht  Club 

6  Galveston  Bay  @  Muecke  Place 

7  Galveston  Bay  @  De  George  Fishing  Camp 

8  Galveston  Bay  @  Kemah 

9  Taylor  Bayou  @  Clear  Lake 

10  Clear  Lake  @  Harris  County  Park 

11  Panther  Bayou  @  Clear  Lake 

12  Clear  Creek  @  Galveston  Highway 


GALVESTON  BAY  STREAM  RUN 
SAMPLES  COLLECTED  BY  BOAT 


STATION  LOCATION 


1 

2 

3 

5 

6 

7 

8 
9 

10 

11 


Galveston 

Galveston 

Galveston 

Galveston 

Galveston 

Galveston 

Galveston 

Galveston 

Galveston 

Galveston 


Bay — Red  Light  Beacon  at  Seabrook 
Bay— Ship  Channel— Marker  55 
Bay— Ship  Channel— Marker  60 
Bay— Ship  Channel— Marker  65 
Bay— Ship  Channel— Morgan  Point 
Bay— 300  Yd.  from  Boys  Harbor 
Bay— -300  Yd.  from  Sylvian  Beach 
Bay— 300  Yd.  from  Yacht  Club 
Bay — -300  Yd.  from  El  jardin 
Bay— Middle  of  Channel— Muecke  Place 
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For  this  discussion,  recreational  use  will  be  divided  into  three  classifi¬ 
cations.  First,  swimming  and  bathing;  second,  fishing,  and  third,  boating, 
camping  and  the  like.  In  determining  factors  which  should  be  considered 
for  water  quality  requirements  for  each  of  the  types  of  recreational  acti¬ 
vity,  it  is  apparent  that  for  swimming  and  bathing,  public  health  considera¬ 
tions  are  paramount  due  to  direct  contact  being  made  with  the  water.  The 
particular  test  of  most  importance  in  determining  the  suitability  of  bathing 
waters  for  such  use  is  the  density  of  coliform  organisms  as  expressed  by  a 
most  probable  number  in  100  cubic  centimeters  of  water.  There  are  a  num¬ 
ber  of  standards  of  bathing  water  quality  in  existence  in  various  parts  of  the 
nation.  These  standards  vary  from  an  average  M.P.N.  of  50  per  100  C.C. 
(Tennessee  Valley  Authority)  to  an  average  M.P.N.  of  2400  per  100  c.c. 
(New  York  City). 

The  following  standards  for  natural  waters  are  upheld  as  being  realistic 
for  use  in  Flarris  County  until  such  time  as  epidemiological  and  sanitary 
studies  reflect  otherwise. 

Bathing  water  Average  of  coliform  organism 

Classification  tests  expressed  in  M.P.N. 

per  100  c.c. 


Desirable 

Acceptable 

Questionable 

Unsuitable 


0  -  240 

240  -  1,000 
1,000  -  2,400 
Over  2,400 


It  must  be  pointed  out  that  the  adequacy  of  public  laws  to  prohibit 
bathing  or  swimming  in  polluted  water  is  questionable,  also  that  there  is 
very  little  concrete  evidence  available  to  prove  a  correlation  between  swim¬ 
ming  in  polluted  water  and  the  spread  of  intestinal  diseases.  It  is  only  with 
he  intention  of  establishing  a  guide  for  the  general  public  that  the  preceding 
standard  is  suggested. 

The  Summary  Table  shows  the  average  of  samples  collected  at  the  3  3 
stations  in  the  Trinity  Bay-Galveston  Bay-Clear  Lake  area.  These  samples 
indicate  the  following: 

1.  The  average  of  all  the  sampling  stations  on  the  Trinity  Bay  run 
indicate  the  wate  in  Trinity  Bay  itself  acceptable  for  swimming 
with  the  exception  of  Station  6. 

2.  The  average  of  all  the  shore  samplings  stations  on  the  Galveston 
Bay-Clear  Lake  Run  indicates  that  the  area  from  the  Houston  Yacht 
Club  to  Clear  Creek  could  be  classed  as  suitable  for  swimming,  while 
the  balance  of  the  area  could  not  be  classed  as  suitable.  It  is  to  be 
pointed  out,  however,  that  even  in  the  areas  where  the  averages  were 
within  acceptable  limits  many  individual  samples  indicated  question¬ 
able  water. 

3.  The  average  of  the  boat  sampling  stations  on  Galveston  Bay  indicate 
that  the  water  approximately  1,000  feet  from  shore  falls  under 
the  desirable  water  classification. 

These  results  show  in  general  that  the  water  of  Trinity  Bay  is  accept¬ 
able  for  swimming  and  bathing.  They  also  show  that  Galveston  Bay  pollu¬ 
tion  is  one  of  shoreline  pollution.  This  of  course  is  the  worst  place  to  have 
pollution,  since  it  is  along  the  shoreline  that  most  swimming  takes  place. 
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In  waters  used  for  the  recreational  use  of  fishing,  different  criteria  are 
applicable.  Pertinent  factors  necessary  for  the  sustenance  of  fish  life  are 
the  presence  of  adequate  concentrations  of  dissolved  oxygen  and  adequate 
sources  of  fish  food  in  the  waters  as  well  as  the  absence  of  organic  sludge 
blankets  and  the  absence  of  toxic  substances.  Game  fish  cannot  live  in  water 
having  a  dissolved  oxygen  content  below  4  parts  per  million.  In  almost  all 
conditions  surveyed  in  the  Bay  area,  itself,  this  minimum  has  been  exceded. 
However,  there  have  been  ample  indications  from  bottom  samples  taken, 
particularly  in  a  large  fan  shape  at  the  confluence  of  the  Ship  Channel  with 
the  Bay,  that  large  organic  sludge  beds  exist  which  undoubtedly  have  con¬ 
tributed  to  the  annual  decrease  in  fish  production  in  the  Bay  as  reported  by 
the  Fish,  Game  and  Oyster  Commission.  It  should  be  clearly  emphasized 
that  within  the  present  degree  of  pollution  existing  in  the  Bay  area,  there 
is  relatively  little  danger  in  eating  fish  caught  in  the  Bay,  providing  that 
the  fish  is  thoroughly  cooked.  There  is,  however,  a  very  definite  danger  in 
eating  any  raw  shellfish,  particularly  oysters,  whenever  the  overlying  water 
has  an  average  M.P.N.  of  coliform  organism  exceeding  70  per  100  cx. 

Relative  to  the  recreational  use  of  the  Bay  for  boating,  camping  and 
the  like,  there  is  little  danger  unless  direct  contact  is  made,  such  that  highly 
polluted  water  is  brought  in  direct  contact  with  a  portal  of  entry  into  the 
body.  (i.e.  wet  hands  put  up  against  a  mouth.) 


“The  Dead  Sea  Scrolls, ’’  A.  Dupont-Sommer :  Translated  from  the  French  by  E.  Margaret 
Rowley.  Oxford:  Blackwell.  7s.  6d. 

The  original  French  work  appeared  in  July,  1950.  Much  has  since 
been  written  about  the  Dead  Sea  documents  and  one  of  them,  the  so-called 
"Scroll  of  Discipline,55  was  published  only  after  M.  Dupont-Sommer  wrote. 
But  the  English  version  which  now  appears  is  still  of  interest.  Of  the  many 
available  summaries  of  the  documents  and  their  problems,  it  is  the  most 
lavish  in  its  extracts  and  quotations,  and  it  has  the  distinctive  merit  of  giv¬ 
ing  more  attention  to  subject-matter  than  to  palaeographical  riddles.  The 
author  is  satisfied  that  the  Scrolls  are  remains  of  a  library  belonging  to  a 
reformed  branch  of  the  Essenes,  known  as  "The  Community  of  the  New 
Covenant.55  Their  leader,  "The  Master  of  Justice55,  was  a  Messiah-like  figure 
who  suffered  persecution  and  martyrdom,  and  M.  Dupont-Sommer  pro¬ 
pounds  the  theory  that  it  was  from  his  career  and  fate  that  the  idea  of  a 
Suffering  Messiah  took  shape  in  Jewish  thought.  He  also  finds  it  possible 
to  conclude  that  the  early  Church  drew  many  of  its  ideas  from  the  fate 
of  this  "Master  of  Justice,55  and  that  the  Habakkuk  commentary,  found 
among  the  Dead  Sea  Scrolls,  is  evidence  that  certain  passages  in  the  Old 
Testament  which  have  been  interpreted  of  a  Suffering  Messiah  (e,g„,  Psalm 
22  and  Isaiah  53)  may  well  be  later  than  40  B.C.,  the  supposed  date  of  this 
Essene  Messiah’s  death.  This  is  certainly  going  too  far,  since  it  assumes  that 
the  heretical  thoughts  of  a  persecuted  sect  were  embodied  in  the  canonical 
scriptures  of  that  sect’s  persecutors. 


ABNORMAL  CONE  FORMATION  IN  PINES 


BRUCE  J.  ZOBEL 

Texas  Forest  Service 

INTRODUCTION 

In  all  kinds  of  organisms,  the  normal  developmental  processes  are  some¬ 
times  upset  or  interrupted.  Such  upsets  occasionally  occur  in  members  of 
the  genus  Pinus  resulting  in  unusual  specimens  which  bear  only  primary 
needles,  trees  that  have  only  a  main  leader  with  no  laterals,  trees  that  have 
bisexual  flowers  and  trees  with  other  abnormalities  resulting  from  the  dis¬ 
ruption  of  the  ontogenetic  sequence  of  bud  formation.  These  "freaks”  were 
formerly  looked  upon  merely  as  curiosities  but  in  more  recent  times  it  has 
been  shown  that  they  are  of  value  in  shedding  light  upon  the  factors  involved 
in  bringing  about  normal  plant  development.  Tsey  have  been  utilized  by 
physiologists  and  morphologists,  and  in  very  recent  times  by  geneticists. 
Such  trees  have  in  some  cases  been  found  to  furnish  the  key  whereby  diffi¬ 
cult  practical  problems  have  been  solved. 

It  is  not  the  object  of  this  short  paper  to  answer  any  questions  or  prove 
any  hypotheses,  but  only  to  develop  interest  in  the  subject  by  reporting  yet 
another  unusual  tree  and  in  so  doing  point  out  the  potential  value  of  such 
abnormalities. 

ABNORMAL  CONE  FORMATION  IN  PINES 

The  fact  that  cone  initiation  and  development  does  not  always  follow 
a  standard  pattern  was  recognized  in  the  earliest  botanical  writings.  Investi¬ 
gators  such  as  Keslercanek  (1880),  Mayr  (1901)  and  others  described  ab¬ 
normal  cone  development  taking  place  under  several  different  conditions. 
Reference  to  unusual  cone  formation  in  pines  ,as  well  as  in  other  conifers, 
can  also  be  found  scattered  throughout  more  modern  literature;  a  few  that 
might  be  cited  are  Liese  (1922),  Righter  (1932),  Doak  (193  5),  Jahn 
(1939)  and  Kujala  (1942).  When  one  sees  this  list  of  references,  and  real¬ 
izes  how  often  these  phenomena  are  observed  but  not  reported,  some  con¬ 
ception  as  to  the  actual  frequency  of  abnormal  cone  development  can  be 
had.  It  really  is  not  as  rare  an  occurrance  as  is  commonly  believed. 

What  combination  of  factors  bring  about  abnormal  cone  development? 
Is  it  a  temporary  adjustment  or  is  it  sometimes  controlled  by  the  genetic 
makeup  of  the  plant?  These  questions  can  not  be  answered  at  the  present 
time.  However,  it  is  known  that  abnormal  cone  development  often  appears 
to  be  brought  about  by  abrupt  physiological  upsets,  resulting  from  a  shock 
of  some  sort,  such  as  severe  pruning,  planting  out  of  the  trees  natural  range, 
fertilizing  or  irrigating.  The  author  could  find  no  reports  as  to  the  con¬ 
tinuing  recurrance  of  abnormal  cone  development  on  the  same  individual; 
most  such  occurrances  are  reported  merely  as  an  isolated  interesting  phe¬ 
nomenon. 

According  to  Doak  (1935),  the  normal  developmental  stages  in  the 
ontogeny  of  the  bud  of  pines  results  first  in  the  production  of  sterile  bracts, 
followed  by  staminate  cones,  dwarf  shoots  (fascicles)  with  branch-buds  and 
ovulate  cones  of  the  same  order  produced  at  the  tip.  Often  one  or  more  of 
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these  are  missing  from  the  mature  shoot,  most  commonly  the  staminate 
flowers  or  ovulate  flowers.  For  example,  ovulate  flowers  usually  are  lacking 
on  the  lower  limbs  while  staminate  flowers  are  usually  not  found  on  the 
faster-growing  portions,  such  as  on  the  main  leader.  The  majority  of  report¬ 
ed  cases  of  abnormal  cone  formation  have  dealt  with  those  instances  where 
the  staminate  flowers  have  been  replaced  by  ovulate  flowers,  resulting  in  a 
very  large  cluster  of  cones  being  born  on  a  single  branch  near  the  base  of 
the  current  year’s  growth.  Such  abnormalities  were  reported  by  Liese  (1922), 
Mayr  (1901),  Doak  (193  5),  and  others.  Another  fairly  common  abnormal- 


FIG.  2 — The  leader  shows  the  po¬ 
sition  of  the  cones  above  the  region 
of  sterile  bracts  and  staminate  cones. 
No  ovulate  cones  were  produced  in 
the  normal  position  near  the  tip  of 
the  leader. 


FIG.  2 


FIG.  1— Close-up  of  the  large 
cluster  of  ovulate  cones  growing 
intermixed  with  the  dwarf  shoots 
(fascicles).  Cones  of  this  type  have 
occurred  on  the  same  tree  for  the 
past  three  years. 


FIG.  1 
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ity  occurs  when  bisporangiate  cones  are  formed  in  which  all  stages  in  sex¬ 
uality  are  found  from  strictly  staminate  cones  to  strictly  ovulate  cones  with 
various  intermediate  conditions  in  which  one  part  of  the  cone  is  "male,” 
the  other  part  "female.”  These  have  been  reported  by  Righter  (1932),  Doak 

(193  5)  and  others. 


ANOTHER  ABNORMALITY 

Apparently  of  more  uncommon  occurrance,  or  at  least  not  often  re¬ 
ported  in  the  literature,  is  the  situation  wherein  there  seems  to  be  an  alter¬ 
nation  of  dwarf  shoot  and  ovulate  cone  formation  resulting  in  the  replace¬ 
ment  of  some  fascicles  by  ovulate  cones.  Such  a  situation  is  here  reported 
on  a  13  year  old  ponderosa  pine  growing  near  Berkeley,  Calif.,  which  is 
outside  ponderosa  pine’s  natural  range.  This  tree  produced  14  ovulate  cones 
in  the  lower  one- third  of  its  leader;  no  ovulate  cones  were  produced  in  their 
normal  position  near  the  terminal  bud.  Reference  to  Figs.  1  and  2  will  show 
that  a  number  of  dwarf  shoots  have  been  replaced  by  the  ovulate  cones, 
and  that  they  are  not  merely  replacing  the  staminate  cones.  This  tree  had 
been  given  no  special  treatment,  such  as  watering  or  cultivation,  for  at 
least  the  last  eight  years.  The  most  remarkable  thing  about  this  ponderosa 
pine  is  that  the  same  abnormal  cone  formation  definitely  had  recurred  for 
the  past  three  years,  and  perhaps  for  a  fourth.  This  suggests  that  it  may 
be  a  genetically  induced  phenomenon,  and  not  merely  the  result  of  one 
years  physiological  upset. 

POTENTIAL  VALUE  OF  ABNORMALITIES 

What  is  the  value  of  reporting  such  an  abnormality  as  this?  To  a  forest¬ 
er  or  botanist  interested  in  the  genetic  potentialities,  such  a  tree  brings 
visions  of  great  possibilities.  Perhaps  the  greatest  problem  facing  the  forest 
geneticist  at  the  present  time  is  the  method  whereby  hybrid  and  other  "pedi¬ 
gree”  seed  can  be  mass  produced;  bagging  and  pollinating  individual  shoot 
tips  may  result  in  the  production  of  one  to  five  cones  per  bag.  In  a  tree 
such  as  the  one  here  described,  where  14  cones  were  produced  in  a  group, 
or  others  where  up  to  1 5  0  cones  were  produced  on  a  single  shoot,  the  possi¬ 
bilities  of  mass  production  are  magnified,  especially  if  the  abnormal  cone 
formation  should  prove  to  be  a  fixed  hereditary  feature.  Another  type  ab¬ 
normality  that  is  of  great  potential  value,  especially  for  the  southern  pines, 
is  a  tree  that  never  produces  pollen  but  has  normal  ovulate  cones.  Plantations 
of  such  male  sterile  trees  can  be  established  vegetatively,  and  every  seed 
produced  by  such  trees  will  be  a  hybrid,  if  the  desirable  pollen  parents  are 
scattered  throughout  the  planation.  Male  sterile  trees  have  been  found  but 
their  value  has  not  yet  been  realized. 

It  is  emphasized  that  the  discovery  of  the  particular  tree  described 
above  is  not  of  any  extreme  significance,  especially  since  it  is  on  private 
property  and  may  soon  be  removed  to  make  way  for  building  expansion.  It 
is  of  importance,  however,  as  a  means  of  drawing  attention  to  the  subject 
of  growth  abnormalities  enabling  a  plea  to  be  made  to  all  observant  natural¬ 
ists  to  make  note  of  such  "freaks”  and  report  them  so  that  their  presence 
can  be  publicized.  This  is  particularly  true  for  the  southern  pines;  at  the 
present  time  there  is  a  southwide  upsurge  of  interest  in  forest  genetics,  with 
an  increasing  number  of  organizations  actively  showing  interest  in  a  pro- 


520 


The  Texas  Journal  of  Science 


December  30 
1952,  No,  4 


gram  of  forest  tree  improvement.  A  knowledge  of  these  abnormal  trees  may 
be  of  great  value  in  furthering  the  programs  undertaken  by  these  organiza¬ 
tions. 
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“Unknown  Nepal,”  Bishop,  R.  N.  W.  Edited  and  Augmented  by  J.  E.  Cunningham.  Intro¬ 
duction  by  Sir  C'lutha  Mackenzie.  8%  x  5%.  124  pp.  Luzac.  16s. 

A  happy  acquaintance  with  the  cheerful,  likeable  disposition  of  the 
Gurkha  soldier  prompted  the  writer  to  make  a  journey  to  his  country.  This 
record,  supplemented  by  some  good  photographs  and  made  more  interesting 
by  the  inclusion  of  musical  scores  of  songs  unknown  outside  Nepal,  de¬ 
scribes  the  life  of  the  Nepalese  peasant,  the  villager  and  farmer,  the  religions 
and  superstitions  which  mould  their  outlook  and  the  history  to  which  they 
are  heir. 


FLAMES  IN  ACETYLENE* 

WM.  E.  PROUT  and  ROBBIN  C.  ANDERSON 
Defense  Research  Laboratory  and  Department  of  Chemistry 
University  of  Texas 

Modern  developments  in  the  study  of  flames  have  emphasized  increas¬ 
ingly  the  fact  that  the  propagation,  or  motion,  of  a  flame  through  a  burning 
mixture  is  not  simply  a  matter  of  heat  transfer;  but  rather  that  diffusion 
of  active  particles,  free  atoms  or  radicals,  is  likely  to  be  of  major  importance. 
Small,  rapidly-moving  particles  such  as  the  hydrogen  atom  may  be  particu¬ 
larly  effective  if  they  are  present  even  in  small  concentrations.  However, 
reactions  in  ordinary  combustion  systems,  such  as  those  using  typical  hydro¬ 
carbon  fuels  in  air,  involve  such  complex  series  of  reactions  that  it  is  not 
yet  possible  to  obtain  quantitative  data  on  atomic  and  free  radical  con¬ 
centrations  so  that  various  theories  of  flame  propagation  can  be  checked 
against  experimental  data. 

The  propagation  of  flame  in  acetylene  (in  the  absence  of  air  or  oxygen) 
is  of  interest  in  this  connection,  because  it  involves  a  system  of  reactions 
distinctly  different  from,  and  possibly  simpler  than,  those  in  the  ordinary 
oxy-acetylene  flame.  Knowledge  of  the  mechanism  of  propagation  of  such 
flames  would  also  be  useful  in  solving  the  practical  problems  arising  from 
the  well-known  explosibility  of  acetylene  and  many  of  its  derivatives. 

At  study  of  flames  in  acetylene  has,  therefore,  been  undertaken  at  the 
Defense  Research  Laboratory  as  part  of  a  study  of  the  fundamental  mechan¬ 
ism  of  flame  propagation. 

It  has  long  been  known  that  acetylene  will  undergo  decomposition  if 
heated.  Under  certain  conditions,  this  reaction  may  be  violent,  resulting 
in  explosion.  Under  other  conditions,  especially  at  relatively  low  tempera¬ 
tures  and  pressures,  the  reaction  is  comparatively  slow,  and  on  occasion 
"flashes”  or  flames  were  observed  (Bone  and  Coward,  1908;  Gross,  1938; 
and  Pease,  1929).  As  might  be  expected,  numerous  reports  are  available  on 
the  conditions  under  which  ignition  may  occur  in  acetylene.  The  Bureau 
of  Mines,  for  example,  has  made  extensive  tests  to  determine  these  ignition 
conditions  as  a  basis  for  establishing  safe  operating  procedures  for  handling 
acetylene.  Particular  attention  has  been  paid  to  the  conditions  under  which 
ignition  might  cause  explosion. 

Only  one  report  is  available,  however,  in  which  any  systematic  study 
was  made  of  the  flames  and  flame  propagation  (Alexejew,  1915).  Unfor¬ 
tunately  only  an  abstract  of  the  original  article  is  available.  Effects  of  pres¬ 
sure,  temperature,  and  diameter  of  the  tube  on  conditions  of  ignition  were 
studied.  Additives  such  as  H2,  N2,  NHs,  ethane,  ethylene,  and  mercury  vapor 
were  also  tried.  No  data  are  given  on  the  flame  velocities,  etc.,  but  it  was 
noted  flame  propagation  was  favored  by  increased  temperature  or  pressure 
and  that  reaction  became  more  violent  with  increasing  tube  size. 

The  experiments  reported  here  were  therefore  undertaken  as  exploratory 
tests  to  determine  the  nature  of  the  flames  in  acetylene,  and  the  influence 
of  experimental  conditions  on  the  velocity  of  propagation  through  straight 
tubes. 


*  Based  in  part  on  a  paper  presented  at  the  Texas  Academy  of  Science,  Dallas,  Dec.,  1950. 
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APPARATUS  AND  PROCEDURE 

A  schematic  diagram  of  the  apparatus  used  is  shown  in  Figure  1.  It 
consisted  essentially  of  a  Pyrex  tube,  jacketed  and  wrapped  with  a  heating 
coil  for  maintaining  the  reagent  gas  at  elevated  temperatures.  Current  to 
the  heating  coil  was  controlled  by  a  variable  resistance  so  that  the  tempera¬ 
ture  of  the  gas  could  be  adjusted  to  within  ±5°  of  a  desired  value.  A  small 
coil  of  chromel  wire  was  inserted  at  one  end  of  the  tube  to  serve  as  igniter. 

The  overall  length  of  the  flame  tube  was  about  4  feet,  long  enough 
so  that  flame  propagation  could  be  observed  over  a  distance  of  100  cm.  and 
far  enough  from  the  igniter  coil  to  avoid  effects  of  localized  heating,  etc. 

Values  of  flame  velocities  reported  here  were  obtained  by  measuring 
the  time  necessary  for  the  flame  to  traverse  100  cm.  of  the  tube.  Check 
runs  made  by  taking  moving-pictures  of  the  flames  with  a  16  mm.  Cine 
Kodak  Special  at  a  rate  of  32  frames  per  second  gave  flame  velocities  in 
agreement  with  those  reported  and  also  showed  that  flame  propagation  was 
smooth  and  of  essentially  constant  velocity  in  the  region  observed. 

Various  tubes,  with  internal  diameters  of  8,  12,  22,  26.5,  and  46  mm. 
were  used.  For  tests  of  the  effects  of  different  surfaces,  thin  metal  sheaths 
were  slid  into  the  glass  tube,  with  a  small  slit  left  open  so  that  propagation 
of  the  flame  could  be  followed. 

Commercial  "pure”  tank  acetylene  (over  99.5  percent  acetylene)  was 
used.  This  was  bubbled  through  pyrogallol,  to  try  to  prevent  an  oxygen 
from  getting  into  the  flame  tube,  and  through  concentrated  sulfuric  acid 
to  remove  the  acetone. 


°>Toqoilic  Aci<5  — ■'i  V-KCH  '—Cone  H2S04 

Schematic  Diagram  Of  Acetylene  Apparatus, 


FIG.  1 
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FIG.  2- — A  Typical  Acetylene  Flame 
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For  a  typical  determination  the  tube  was  swept  out  carefully  with  an 
inert  gas,  such  as  helium,  and  then  acetylene.  More  acetylene  was  then  intro¬ 
duced  and  allowed  to  stay  quiescent  until  heated  to  the  desired  initial  tem¬ 
perature,  then  ignited. 

Pressures  before  and  after  passage  of  the  flame  were  read  on  the  mano¬ 
meter  attached  to  the  flame  tube. 

In  some  instances,  samples  of  the  "burned”  gases  in  the  tube  were 
analyzed  in  a  mass  spectrograph.  The  instrument  used  was  built  by  the 
Westinghouse  Co.  Its  limit  of  resolution  is  1  part  in  150. 

The  data  shown  in  the  various  figures  following  represent  the  best 
curves  or  lines  for  a  series  of  experimental  points  (as  illustrated  in  Figure 
4).  In  general,  the  pressure  measurements  were  reproducible  within  10  per¬ 
cent,  and  the  velocities  within  one  cm. /sec.  or  less.  Since,  for  these  explora¬ 
tory  experiments,  the  trends  of  variation  with  various  experimental  factors 
are  of  more  significance  than  the  absolute  values,  the  curves  showing  those 
trends  have  been  used  in  the  figures  without  attempting  to  show  the 
numerous  individual  points. 


RESULTS 


A  photograph  of  a  typical  flame  is  shown  in  Figure  2.  The  flames  in 
acetylene  were  orange  in  color.  A  cloud  of  soot,  or  carbon,  could  be  seen 
behind  the  flame,  so  the  color  seen  was  probably  from  incandescent  carbon 
in  the  flames. 

Upon  ignition,  the  flame  would  "flash”,  or  jump  rapidly  a  few  centi¬ 
meters,  then  slow  down  suddenly,  and  propagate  smoothly  thereafter.  The 
carbon  deposited  in  the  initial  flash  was  dry  and  graphitic  in  appearance. 
That  deposited  later  was  slightly  greasy  and  jet  black.  This  variation  in  the 
carbon  made  it  possible  to  check  the  length  of  the  initial  flash.  It  was  found 
to  vary  from  5  cm.  to  as  high  as  30  cm.  under  the  conditions  used  here.  In 
general  the  length  of  this  initial  jump  increased  with  increasing  tube  dia¬ 
meter  or  initial  pressure,  and  decreased  with  increasing  initial  temperatures. 

The  burning  velocity  data  reported  here  were  all  taken  for  the  slow, 
smooth,  later  stage  of  propagation.  Further  experiments  on  the  initial  stage 
are  planned. 

The  pressure  appeared  to  increase  somewhat  when  the  flame  was  first 
ignited,  but  throughout  the  entire  range  of  conditions  used  here  the  final 
pressure  after  flame  propagation  was  much  less  than  the  initial  pressure. 
The  magnitude  of  this  effect  depended  upon  the  experimental  conditions 
as  shown  in  Figure  3. 


TABLE  I 

Temp.  323°  C. 

Press,  (cm.  Hg.) 

78 

C6H( 

167.0 

0.0 

145.0 

0.7 

136.0 

0.7 

116.0 

0.2 

Mole  Percent 

for  Subs,  of  Mass  Number: 


28 

26 

16 

2 

c2h4 

c2h2 

ch4 

FL 

2.6 

.  22 

2.5 

73 

5.8 

40 

3.1 

50 

4.8 

53 

2.8 

39 

4.6 

73 

1.8 

20 
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FIG.  4 


AvSrags  Velocity  For  Fiamss  (cm/Sec.) 
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FIG.  6 


1952,  No,  4 
December  30 


Flames  in  Acetylene 


527 


Results  of  mass-spectrographic  analyses  of  the  gaseous  products  from 
burning  in  some  typical  experiments  are  shown  in  Table  I.  There  was  also 
some  liquid  polymer  formed,  as  shown  by  the  "greasy”  nature  of  the  carbon 
deposit.  This  has  a  distinct  odor  of  benzene.  It  is  notable  that  decomposition 
to  form  hydrogen  (plus  the  carbon  appearing  as  solid  soot)  is  the  chief 
reaction,  but  that  this  is  by  no  means  complete.  The  pressure  drops  and 
the  traces  of  liquid  indicate  polymerization  to  be  important  also.  The  flame 
speed  increased  steadily  as  the  extent  of  decomposition  increased;  so  it  seems 
likely  that  complete  decomposition  would  result  in  an  explosion. 

The  limiting  conditions  for  self -propagation  of  flames — i.e.  for  flames 
which  can  propagate  through  the  entire  tube  length — -are  summarized  in 
Figure  4.  (It  should  be  noted  that  these  are  not  directly  comparable  with 
ordinary  "ignition  temperatures”,  since  they  define  conditions  in  which 
continued  flame  propagation  occurs,  not  those  which  may  be  needed  around 
the  igniter  to  start  the  flame.)  In  general,  increasing  temperature,  pressure, 
or  tube  diameter  tends  to  make  ignition  and  flame  propagation  easier. 

Data  on  the  velocity  of  flame  propagation  for  varying  conditions  of 
pressure,  temperature,  and  tube  size  are  summarized  in  Figure  5.  The  effects 
of  temperature  variation  were  determined  both  for  constant  pressure  and 
for  conditions  in  which  the  pressure  was  varied  so  as  to  keep  the  concentra¬ 
tion,  or  molecular  density,  constant.  The  flame  velocities  increased  con¬ 
sistently  with  increases  in  pressure,  temperature,  and  diameter  of  the  tubes. 

The  effects  of  changes  in  surface  are  illustrated  in  Figure  6.  Lead, 
aluminum,  and  brass  surfaces  were  all  found  to  increase  the  flame  velocity, 
the  effect  increasing  in  the  order  named.  Comparison  of  the  limiting  pres¬ 
sures  and  temperatures  for  flame  propagation  showed  that  the  lead  surface 
gave  much  the  same  values  as  glass,  but  with  aluminum  and  brass,  flame 
propagation  occurred  at  distinctly  lower  temperatures  or  pressures. 

Tests  were  made  also  in  glass  tubes  which  had  been  allowed  to  become 
coated  with  a  deposit  of  carbon  from  previous  runs.  Flame  velocities  were 
somewhat  lower  in  these  carbon-coated  tubes. 

In  one  series  of  experiments,  a  platinum  igniter  coal  was  substituted 
for  the  chromel  coil.  No  differences  were  observed  in  the  flame  propagation, 
pressure  changes,  etc.  Tests  with  a  spark  igniter  also  show  no  appreciable 
differences  in  flame  propagation,  although  the  initial  ignition  effects  were 
somewhat  different. 

A  series  of  experiments  was  also  made  with  tank  acetylene  from  which 
the  acetone  had  not  been  removed.  The  presence  of  acetone  consistently 
increased  the  flame  velocities. 


DISCUSSION 

Although  these  tests  are  not  directly  comparable  with  earlier  experi¬ 
ments,  it  may  be  noted  that  the  effects  of  various  experimental  factors  on 
flame  propagation  are  similar  to  those  on  ignition  and  thermal  decomposition. 
The  results  on  effects  of  temperature  and  pressure  are  consistent  with  earlier 
observations  (Alexejew,  1915;  Echard,  1949;  Jones  and  Kennedy,  1945). 
The  observed  effects  of  tube  size  are  consistent  with  the  results  of  Alexejew 
and  Echard.  The  occurrence  of  decomposition  and  polymerization  as  simul¬ 
taneous  reactions  was  also  observed  by  others  (Blyumberg  and  Frank- 
Kamenetskii,  1946;  Gross,  1938;  Bone  and  Coward,  1908;  Pease,  1929). 
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The  data  reported  here  are  for  flame  velocities  which  are  influenced  by 
motion  of  the  gas  in  the  tube  as  well  as  the  rate  of  burning.  These  are  related 
to  the  true  burning  velocities  (cf.  Coward  and  Payman,  1937)  as  shown 
by  the  equation: 

Ub  =  (Uf-Ug)  (A/A.f) 
where  ub  —  true  burning  velocity 

Uf  =  observed  linear  flame  velocity 

ug  =  velocity  of  gas  flow  caused  by  flame  propagation 
At  '=  cross-sectional  area  of  tube 
Af  =  area  of  the  flame  surface 

In  these  experiments  the  velocity  of  gas  flow  and  the  area  of  the  flame 
surface  were  not  measured  directly  in  individual  tests.  However,  the  magni¬ 
tude  of  their  effect  can  be  evaluated  approximately  from  the  pressure  changes 
observed  and  from  study  of  photographs  of  the  flame  front  (Figure  2). 
Such  calculations  showed  that  the  true  burning  velocities  would  range  from 
about  0.67  of  the  observed  flame  velocity  at  the  lower  pressures  used  to 
about  0.80  of  the  flame  velocity  at  the  higher  pressures.  Thus  the  type  of 
variation  observed  for  the  flame  velocity  with  pressure,  temperature,  etc. 
is  very  closely  similar  to  that  of  the  burning  velocity. 

The  observed  effect  on  the  flame  velocity  is  explainable  in  terms  of  the 
variation  in  extent  of  reaction  and  the  resultant  effects  on  the  heat  released, 
and  flame  temperatures.  The  data  on  acetylene  and  hydrogen  in  Table  I 
indicate  that  the  extent  of  decomposition  varies  at  different  pressures.  If 
the  small  amounts  of  ethylene  and  methane  are  neglected,  the  proportions 
reacting,  the  heat  released  (AH),  and  the  resulting  calculated  flame  tem¬ 
perature  may  be  determined.  These  are  summarized  in  Table  II.  Comparison 
with  the  effects  of  temperature  changes  on  flame  velocity  shown  in  Figure 
5  makes  it  evident  that  the  effect  of  the  pressure  on  the  temperature  can 
readily  account  for  its  effect  on  the  flame  velocity. 

It  may  be  noted  further  that,  if  one  assumed  only  10  percent  of  acety¬ 
lene  reacting,  the  maximum  theoretical  temperature  would  be  only  510°. 
Observed  ignition  temperatures  for  somewhat  similar  conditions  have  been 
reported  at  540°-63  5°  (Jones  and  Kennedy,  1945),  800°  (Bone  and  Cow¬ 
ard,  1908),  600°'  (Pease,  1929).  Since  actual  temperatures  must  be  well 
below  the  theoretical  values  because  of  heat  losses  to  the  walls  and  similar 
effects,  it  is  evident  that  flame  propagation  could  not  occur  if  the  extent 
of  reaction  dropped  appreciably  below  20  percent.  The  flame  temperature 
for  combustion  in  one  portion  of  gas  would  fall  below  that  necessary  to 
ignite  neighboring  portions.  This  is  consistent  with  the  fact  that  flame 
propagation  could  not  be  observed  at  pressures  below  115  cm. 

The  variation  of  flame-velocity  with  temperature  is  similar  to  the  type 
found  for  simple  chemical  reactions,  where 

Rate  of  reaction  =  k  (concentration  of  reagent) 
and  k  a  e  -  E/RT 


Pressure  cm. 
167 
145 
136 

116 


TABLE  II 
Reaction 

10  C2H2“>3  C2H2  +  7  H2  +  14C 
10  C2H2->5  C2H2  4-  5  H2  +  10C 
1 0  C2H2->6  C2H2  4-  4  H2  4-  8C 
10  C2H2->8  C2H2  4  2  H2  4  4C 


AH  Flame  Temp. 
7  (-53.9)  2592°  C 

5  (-53.9)  2020 

4  (-53.9)  1696 

2  (-53.9)  1037 
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The  quantity  E  is  the  so-called  energy  of  activation  and  e  the  base  of  natural 
logarithms.  Thus  a  plot  of  log  k  against  l/T  for  such  a  reaction  should  give 
a  straight  line,  the  slope  of  which  is  determined  by  the  energy  of  activation. 

If  the  values  of  the  ffame  velocities  are  taken  at  different  temperatures 
for  a  constant  concentration  of  acetylene,  and  the  logarithm  of  the  flame 
velocity  is  plotted  against  l/T,  (where  T  is  the  initial  temperature),  the 
points  fall  very  close  to  a  straight  line.  The  slope  of  this  line  is  small,  indi¬ 
cating  that  the  overall  energy  of  activation  for  flame  propagation  is  less 
than  4  kcal./mole.  This  may  be  compared  with  the  value  of  29,900  cal./mole 
found  for  the  thermal  decomposition  reaction  (Blyumberg  and  Frank- 
Kamenetskii,  1 946 ) . 

The  general  nature  of  the  reactions  clearly  indicate  that  decomposition 
is  important  in  flame  propagation  and  that  some  chain  mechanism  is  in¬ 
volved.  The  small  amount  of  hydrogenation  observed  (from  formation  of 
ethylene)  must  clearly  result  from  secondary  reactions;  and  the  trend  of 
reaction  with  increasing  temperature  indicates  that  polymerization  is  also 
a  secondary  process,  resulting  from  the  heating  effects,  etc.  Of  two  possible 
decomposition  reactions,  one 

2  C2H2  — »  CH4  +  3C 

can  be  eliminated  because  of  the  nature  of  the  reaction  products.  Thus  the 
essential  chemical  reaction  must  be 

C2H2  — ■»  2C  +  H2 

There  are  then  a  number  of  questions  which  may  be  raised,  such  as 
those  of  explaining  specifically  the  various  surface  effects,  the  importance, 
if  any,  of  the  pressure  decreases  during  flame  propagation,  etc.  The  question 
of  first  importance,  however,  lies  in  the  nature  of  the  reactions. 

Acetylene  is  thermodynamically  unstable  with  respect  to  the  elements 
in  their  standard  states,  i.e.  the  reaction 

C2H2— >  2C(s)  +  H2(g) 

to  form  solid  carbon  is  thermodynamically  feasible.  The  heat  released  on 
decomposition  should  be  some  53,500  cal./mole.  If,  however,  one  considers 
the  initial  stage  of  reaction  to  be  in  the  gas-phase,  to  give 

C2H2 - >  2C(g)  +H2(g) 

one  must  subtract  from  this  the  heat  of  sublimation  of  carbon.  This  is  not 
yet  known  exactly,  but  it  is  at  least  12  5  kcal./gm.  atom  and  more  probably 
about  136  kcal./gm.  atom  (cf.  Field,  1951).  Thus  the  gas-phase  reaction 
would  be  very  highly  endothermal  and  could  not  cause  spontaneous  flame 
propagation. 

The  mechanism  by  which  the  energy  of  condensation  of  the  carbon  is 
effectively  made  available  is  therefore,  of  major  importance.  It  seems  likely 
that  some  initial  steps  of  condensation  or  polymerization  must  occur  to 
release  sufficient  energy  for  a  self-propagating  reaction  to  occur  in  the  re¬ 
action  chains,  Further  experiments  are  being  carried  out  in  an  attempt  to 
answer  such  questions. 
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Announcing:  ATOM L AB-EESTEI N  CENTRIFUGE  TUBE 

The  ATOMIC  CENTER  for  Instruments  &  Equipment,  Inc.,  489 
Fifth  Ave.  N.Y.C.  announces  the  c ‘ AT OML AB -EKSTEIN  CENTRIFUGE 
TUBE”  for  the  collection  of  radioactive  precipitates  directly  onto  standard 
1  l/4”  diameter  sample  pans.  The  radioactive  precipitate  is  deposited  in  a 
layer  that  is  smooth,  well  packed,  and  of  even  thickness,  thus  insuring 
necessary  counting  reproductibility.  Up  to  8  tubes  can  be  spun  simultane¬ 
ously  on  one  centrifuge,  thus  replacing  time-consuming  methods  of  sample 
preparation  such  as  filtration.  Collection  is  quantitative,  since  there  are  no 
losses  due  to  handling  and  transfer.  After  centrifugation,  the  sample  pan 
is  ready  for  radioassay  by  usual  counting  arrangements.  The  tube  is  also 
useful  for  the  collection  of  non-radioactive  precipitates  for  weighing,  etc. 

The  centifuge  tube  consists  of  a  stainless  steel  cylindrival  liner.  The 
standard  sample  pan  is  held  to  the  bottom  of  this  liner  by  an  “O”  ring  seal. 
The  liner  is  inserted  into  a  specially  designed  leakproof  trunnion  cup  which 
fits  directly  onto  the  standard  50  milliliter  clinical  centrifuge  head. 


AN  UNUSUAL  CILIATE  INFECTION  OF  THE 
SPINAL  FLUID 


AARON  SEAMSTER 
Department  of  Biology 
Del  Mar  College,  Corpus  Christi 

Balantidium  coli,  an  occasional  intestinal  ciliate  of  man,  has  been 
reported  sixty-one  times  from  the  United  States.  (Swartzwelder  1950).  The 
present  report  is  of  an  unusual  balantidium-like  ciliate  from  the  spinal  fluid 
of  a  child  and,  as  far  as  the  author  can  determine,  this  is  the  first  record  of 
such  an  occurence. 

The  organism  was  first  observed  in  the  laboratory  of  the  Corpus  Christi 
Osteopathic  Hospital  during  a  routine  examination  of  spinal  fluid  from  a 
six  year  old  boy.  Portions  of  the  original  sample  of  fluid  were  sent  to  the 
City-County  Health  Laboratory  and  the  Clinical  and  Diagnostic  Laboratory. 
The  author  was  called  to  the  latter  laboratory  to  confirm  their  belief  that 
the  organism  was  a  ciliate  similar  to  Balantidium.  Samples  of  the  fluid  ex¬ 
amined  by  personnel  at  the  City-County  Health  Laboratory  and  later  by  the 
State  Health  Department  in  Austin,  Texas  revealed  similar  findings. 

In  fluid  mounts  studied  by  the  author,  the  ciliates  were  quite  active, 
swimming  rapidly  about.  Vigor  of  the  organisms  was  indicated  by  the  fact 
that,  even  though  kept  under  refrigeration,  they  were  very  active  when 
examined  four  days  after  being  collected.  Measurements  of  two  specimens 
showed  them  to  be  approximately  30  microns  long,  somewhat  smaller  than 
the  average  size  (50  to  80  microns)  usually  given  for  Balantidium  coli. 
The  pear-shaped  body  and  the  long  peristomal  cilia  were  similar  to  those 
described  for  B.  coli.  All  observations  were  made  on  living  specimens. 

The  patient,  a  six  year  old  boy,  was  admitted  to  the  hospital  with  a 
tentative  diagnosis  of  severe  gastroenteritis  of  unknown  etiology.  The  hospi¬ 
tal  record  shows  that  the  boy  had  had  nine  convulsions  within  a  period  of 
four  hours  and  upon  entry  was  described  as  having:  "marked  neuro-muscular 
irritability,  Babinski  positive  and  present,  abdomen  distended  and  tender, 
exhibiting  hyperperistalsis,  eyes  clouded,  dazed  and  gyrating,  hands  held  in 
tetanic  clinch.”  Shortly  after  admission  the  patient  was  given  2  50  mg.  of 
terramycin  intravenously  (6:40  p.m.  5-4-51).  The  next  morning,  about 
1 5  hours  later,  a  routine  laboratory  examination  was  made  and  it  was  at 
this  time  that  the  ciliates  were  observed  in  the  spinal  fluid.  No  stool  exami¬ 
nation  was  made.  At  noon  (5-5-51)  another  2  50  mg.  of  terramycin  was 
administered  intravenously.  Stool  and  spinal  fluid  samples  were  obtained 
about  5:30  p.m.  that  day,  but  examination  revealed  no  ciliates.  A  spinal 
tap  two  days  later  (5-7-51)  was  also  negative.  Greenish  colored,  liquid 
stools  were  passed  during  the  first  three  days  of  observation  but  this  condi¬ 
tion  changed  during  the  fourth  and  fifth  days  when  soft  brown  stools  were 
passed.  Recovery  was  uneventful. 

It  seems  apparent  that  the  ciliates  were  the  causative  agents  of  the 
fulminating  type  disease  observed  in  the  patient,  since  laboratory  and  phy¬ 
sical  examinations  revealed  no  other  source  of  infection.  The  hospital  records 
and  personal  talks  with  the  patient  and  his  parents  revealed  no  previous 
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history  of  any  of  the  usual  symptoms  associated  with  balantidiasis.  Apparent¬ 
ly  the  boy  had  had  no  contact  with  pig  pens,  but  since  the  method  of  trans¬ 
mission  of  B.  coli  is  questionable,  this  observation  may  be  of  little  value. 
The  patient  may  have  had  a  chronic,  asymptomatic  case  of  balantidiasis  of 
unknown  origin  which,  under  the  stimulus  of  the  proper  intestinal  environ¬ 
ment,  became  acute.  Rapid  multiplication  of  the  organisms  in  the  intestine 
and  their  ultimate  entry  into  the  spinal  fluid  via  lymphatic  channels  could 
then  account  for  the  clinical  manifestations  previously  described. 

Finding  ciliates  in  the  spinal  fluid  is  entirely  unexpected  and  the  first 
thought  to  arise  was  possible  contamination,  but  this  seems  remote  since: 

(a)  the  physician  making  the  spinal  tap  used  the  usual  aseptic  techniques; 

(b)  the  vial  in  which  the  fluid  was  collected  was  "dry  and  clean”;  (c)  no 
fecal  examinations  had  been  done  in  the  laboratory  for  more  than  one  week, 
and  (d)  the  fluid  was  examined  in  a  matter  of  minutes  after  being  col¬ 
lected,  thus  contamination  would  had  to  have  been  direct  and  with  a  great 
number  of  active  trophozoites. 

Balantidiasis  has  been  successfully  treated  with  a  variety  of  drugs 
normally  employed  in  cases  of  amebiasis.  Young  (1930)  and  Young  and 
Burrows  (1943)  obtained  satisfactory  results  with  carbarsone.  DeLanney 
and  Beahm  (1943)  found  carbarsone  ineffective  (in  a  single  case)  but  ob¬ 
tained  good  results  with  diodoquin.  Swartzwelder  (1950)  reported  that 
carbarsone,  diodoquin,  and  chiniofon  gave  some  clinical  response  but  did 
not  completely  eredicate  the  infection.  Treatment  of  one  case  with  stovarsol 
resulted  in  negative  stool  and  sigmoidoscopic  examinations.  Swartzwelder 
suggests  that  if  Balantidium  infections  do  not  respond  to  a  single  course  of 
carbarsone,  that  a  repeated  course  of  this  therapy  and/or  a  supplemental 
treatment  with  diodoquin  may  be  efficacious.  The  use  of  antibiotics  in  the 
treatment  of  amebiasis  has  been  reported  recently.  Knight  (1950)  indicates 
that  aureomycin  and  terramycin  are  effective  but  that  chloramphenicol  is 
not  dependable.  Most  and  Assendelft  (1950)  report  good  results  with  terra¬ 
mycin.  The  author  could  find  only  one  report  of  the  use  of  antibiotics  in 
treatment  of  balantidiasis.  Neghme  et  al  (1951)  state  that  both  aureomycin 
and  terramycin  are  effective  against  Balantidium  in  vitro  and  that  in  a 
limited  number  of  cases,  four  treated  with  aureomycin  and  one  with  terra¬ 
mycin,  good  clinical  results  were  observed.  In  the  present  case  500  mg.  of 
terramycin  administered  intravenously  produced  satisfactory  clinical  results. 

The  author  wishes  to  thank  Dr.  E.  L.  Elsea  for  his  kindness  in  supply¬ 
ing  the  case  history  and  other  information,  and  Mr.  C.  A.  Forthman  for 
pertinent  observations  on  the  organism. 
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INFLUENCE  OF  HOMOLOGOUS  SPLEEN  EXTRACT  ON 
THE  HEMATOLOGICAL  CHANGES  PRODUCED 
BY  X-RAYS  IN  MICE* 

MAXINE  BUHLER  and  JIMMIE  FLUME 
Incarnate  Word  College 
San  Antonio,  Texas 


America  is  spending  billions  of  dollars  and  untold  hours  of  heart  and 
back-breaking  research  to  perfect  a  weapon  sufficiently  powerful  to 
destroy  whole  cities  at  a  single  bombing.  Parallel  to  this,  an  equal  amount 
of  time  and  money  is  being  spent  in  devising  means  for  protecting  ourselves 
against  the  far-reaching  effects  of  the  weapon.  In  the  space  of  only  one 
year,  medical  science  has  been  able  to  move  from  pessimism  to  optimism  in 
the  quest  for  a  treatment  to  offset  irradiation  injuries  which  would  follow 
in  the  event  of  an  A-bomb  blast. 

An  immense  amount  of  work  is  being  done  by  workers  all  over  the 
country,  particularly  by  Drs.  Jacobson  and  McLean  and  their  co-workers 
at  the  University  of  Chicago.  Latest  results  in  their  search  indicate  that 
fluid  obtained  from  normal  young  mouse  spleens  increases  the  chances  for 
survival  of  mice  from  irradiation  injury.  Other  notable  discoveries  by  these 
eminent  research  workers  include  that  of  ectopic  erythrocytopoiesis  in  ani¬ 
mals  whose  spleens  were  lead-protected  during  irradiation.  (Jacobson,  Marks, 
Gaston,  Robson,  and  Zirkle,  1949). 

It  has  been  found  that  no  matter  what  type  of  irradiation  is  used — 
whether  gamma  rays,  beta  rays,  fast  or  slow  neutrons,  or  X-rays — the  effects 
on  experimental  animals  are  the  same.  From  a  post-mortem  on  an  irradiated 
animal  it  is  impossible  to  determine  the  nature  of  the  irradiation.  (Bloom 
and  Jacobson,  1948). 

A  general  pattern  of  behavior  has  been  found  in  all  animals  used.  The 
peripheral  blood  is  the  most  sensitive  indicator  of  radiation  injury.  How¬ 
ever,  tissues  in  other  parts  of  the  body,  notably  in  the  gastro-intestinal  tract 
and  reproductive  organs  are  affected.  The  blood  picture  shows  a  marked 
decrease  in  leucocytes  with  a  relative  increase  of  heterophils,  or  neutrophils 
as  they  are  called  in  man,  a  slight  decrease  in  hemoglobin  and  red  cells,  a 
decrease  in  platelets,  and  an  increase  in  reticulocytes.  (Jacobson,  Marks  and 
Lorenz,  1949). 

Experiments  of  similar  nature  have  been  performed  during  the  past 
few  months  in  our  laboratory,  both  to  confirm  and  to  extend  the  work 
being  done  by  others.  Since  the  blood  shows  marked  changes  as  a  result  of 
irradiation,  our  studies  have  been  limited  to  these  hematological  effects. 

MATERIALS  AND  PROCEDURE 

Female  white  mice  of  the  Rockland  all-purpose  strain  were  used  for 
the  experiments.  Five  groups  of  animals  have  been  studied: 


*  Judged  best  paper  presented  in  the  Collegiate  Section  of  The  Academy  at  the  Annual 
Meeting,  1951. 
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a)  Mice  receiving  both  homologous  spleen  extract,  given  prophylactically 

and  therapeutically,  and  X-ray. 

b)  Mice  receiving  extract  only. 

c)  Mice  receiving  X-ray  only. 

d)  Splenectomized  mice  receiving  X-ray  and  therapeutic  extract. 

e)  Splenectomized  mice  receiving  X-ray  only. 

Blood  studies  consisted  of  total  white  cell  count,  red  cell  count,  differ¬ 
ential  count  and  hemoglobin  determination.  The  weights  of  all  animals  of 
all  groups  were  also  recorded.  In  animals  receiving  both  extract  and  X-ray, 
counts  were  made  before  experiment,  after  the  third  and  sixth  prophylactic 
dosage,  after  X-ray  and  before  therapeutic  dosage,  and  at  six  days  of  thera¬ 
peutic  dosage.  Similar  determinations,  with  the  necessary  omissions,  were 
made  for  groups  receiving  X-ray  or  extract  only.  In  obtaining  the  blood 
for  all  counts,  a  small  vein  in  the  tail  was  cut.  In  making  the  differential 
counts,  Wright’s-stained,  air-dried  blood  films  were  used.  A  Spencer  bright- 
line  hemacytometer  was  employed  for  total  white  and  red  cell  counts. 
Hemoglobin  determinations  were  made  with  a  Haden-Hausser  hemoglobin- 
meter,  clinical  model. 

In  the  first  series  of  experiments,  animals  receiving  extract  were  injected 
subcutaneously  in  the  abdominal  region  with  0.5  cc  spleen  extract  in 
distilled  water.  This  technique  was  modified  slightly  with  a  second  series 
of  animals.  In  these,  the  thigh  or  side  was  used  as  the  site  of  injection  and 
normal  saline  was  substituted  for  the  distilled  water.  The  injections  were 
again  given  subcutaneously,  but  in  only  0.2  5  cc  amounts. 

The  following  surgical  technique  was  employed  in  the  splenectomy: 

The  mouse  was  secured  to  an  operating  board  and  anesthetized  with 
ether.  The  abdomen  was  shaved  and  prepared  with  70%  alcohol  followed 
by  merthiolate.  The  animal  was  draped  with  sterile  cloths.  Slightly  to  the 
left  of  the  mid-line  an  incision  of  approximately  2  cm.  was  made  through 
the  body  wall  exposing  the  peritoneum.  To  prevent  capillary  bleeding  the 
edge  of  the  incision  was  clamped.  The  incision  was  made  through  the  peri¬ 
toneum  exposing  the  spleen,  which  was  then  clamped  and  tied  off  with 
Clark’s  O.  N.  T.  cotton  thread,  size  40.  The  spleen  was  removed  and  placed 
in  a  sterile  beaker  to  be  used  for  the  preparation  of  the  extract.  A  running 
stitch  was  employed  in  the  suturing  of  the  peritoneum.  The  same  size  of 
cotton  thread  was  used  for  all  sews  and  ties.  Merthiolate  was  used  to  sponge 
the  sutured  area  of  the  peritoneum  and  the  outer  layer  of  tissue  was  closed 
with  the  type  of  stitch  employed  in  suturing  the  peritoneum. 

In  the  preparation  of  the  extract,  for  the  first  experiments,  three  spleens 
were  pulverized  and  suspended  in  10  cc  sterile  distilled  water.  This  amount 
of  water  was  arbitrarily  chosen  as  was  the  amount  of  the  initial  series  of 
injections.  Later,  5  cc  of  sterile  normal  saline  replaced  the '^distilled  water 
in  preparing  the  extract.  The  area  selected  for  the  introduction  of  the  ex¬ 
tract  was  shaved  and  cleansed  with  alcohol  to  prevent  infection.  Each  mouse 
was  injected  every  forty-eight  hours  until  six  doses  had  been  given,  after 
which  time  the  proper  groups  of  animals  were  subjected  to  X-ray.  The  total 
X-ray  dose  in  each  case  was  400r  which  was  applied  in  a  single  whole-body 
exposure.  Radiation  was  delivered  at  the  rate  of  5  5r  per  minute  under  the 
following  conditions:  2  50  Kvp,  15  cm.  skin  target  distance,  0.5  mm  Cu, 

1  mm  Al  filter. 
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RESULTS 

The  results  of  Experiments  A  and  B  were  inconsistent  and  are  not 
listed  here.  Because  of  these  inconsistencies,  the  changes  in  technique  noted 
above  were  made.  The  results  of  Experiment  C  are  summarized  in  graphs 

1,  II,  III,  and  IV. 

By  referring  to  Graph  I,  it  will  be  noted  that  in  both  groups  1  and 

2,  there  was  an  initial  drop  in  total  red  cell  count  after  the  third  prophy¬ 
lactic  dose— this  is  shown  as  Pro.  I  in  the  graph.  This  was  followed  by  a 
slight  increase  after  the  sixth  dose— shown  graphically  as  Pro.  2.  In  those 
animals  receiving  spleen  extract  only,  this  increased  count  remained  about 
the  same  until  after  the  twelfth  injection  when  it  increased  slightly.  In  mice 
receiving  both  X-ray  and  spleen  there  was  a  slight  decrease  in  red  cells  after 
X-ray.  This  was  followed  by  a  small  increase  after  the  ninth  injection  and 
a  fairly  marked  decrease  after  the  twelfth  injection,  shown  as  Ther.  1  and 
2  respectively.  In  splenectomized  animals  which  received  X-ray  only,  there 
was  a  continuous  decrease  in  red  cell  count  following  irradiation.  The 
splenectomized  animals  receiving  X-ray  and  spleen  extract  showed  a  de¬ 
creased  red  cell  count  24-hours  after  irradiation;  there  was  a  slight  increase 
following  therapy. 
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The  percentage  of  hemoglobin  changed  roughly  in  direct  proportion 
to  the  total  erythrocyte  count  as  can  be  seen  from  Graph  II. 

Considerable  variation  was  obtained  in  the  leucocyte  counts  as  is  indi¬ 
cated  in  Graph  III. 

After  the  third  prophylactic  dose  an  increase  was  shown  by  the  animals 
receiving  both  spleen  extract  and  X-ray,  while  the  group  receiving  only 
extract  showed  a  slight  decrease.  This  apparent  discrepancy  may  have  been 
due  to  the  fact  that  only  three  animals  were  used  in  each  group;  in  the 
extract-X-ray  group,  one  of  the  animals  showed  a  very  high  count  after  the 
third  prophylactic  dose,  possibly  due  to  an  infection;  this  caused  the  average 
for  the  group  to  be  high. 

In  the  animals  which  were  given  both  spleen  extract  and  X-ray,  there 
was  a  great  decrease  24-hours  after  irradiation  which  continued  until  the 
third  therapeutic  dose  after  which  time  an  increase  was  noted.  The  leucocyte 
count  also  showed  a  marked  drop  following  irradiation  in  the  animals  ex¬ 
posed  to  X-ray  only;  after  two  weeks  the  count  began  a  gradual  increase. 
With  splenectomized  animals  which  received  X-ray  only,  irradiation  was 
followed  by  a  decrease  in  leucocytes  which  continued  for  a  week  and  was 


Graph  JUT-  Relative  Numbers  of  Neutrophils  *  Lymphocytes 
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followed  by  some  increase.  When  splenectomized  mice  received  spleen  extract 
following  exposure  to  X-ray,  the  leucocyte  count  dropped  sharply  immedi¬ 
ately  after  irradiation  but  began  a  continuous  increase  subsequent  to  therapy. 

As  can  be  seen  in  Graph  IV,  there  was  no  significant  change  noted  in 
the  balance  of  lymphocytes  and  neutrophils  in  animals  receiving  spleen 
extract  alone,  but  in  those  receiving  spleen  and  X-ray  or  X-ray  alone,  there 
was  a  marked  shift  from  lymphocytes  to  neutrophils,  increasing  the  neutro¬ 
phil  count  to  50%  or  more.  In  splenectomized  animals  which  were  exposed 
to  X-ray  only,  there  was  an  even  more  marked  increase  in  neutrophils  than 
there  was  in  normal  mice.  The  percentage  of  neutrophils  was  abnormally 
high  in  the  other  group  of  splenetomized  animals  before  they  were  irradiated. 
This  was  probably  due  to  the  fact  that  these  animals  were  used  a  fairly 
short  time  after  the  spleen  was  removed.  In  these  animals  there  was  not 
much  change  in  the  relative  numbers  of  lymphocytes  and  neutrophils, 
following  irradiation  and  therapy. 

Weights  of  the  animals  in  all  groups  receiving  spleen  extract  tended 
to  increase  until  after  the  ninth  injection  following  which  a  slight  decrease 
was  noted.  In  animals  receiving  X-ray  alone  there  was  a  consistent  decrease 
from  the  time  of  exposure  until  the  end  of  the  period  of  observation. 

DISCUSSION 

The  results  obtained  to  date  by  using  homologous  spleen  extract  pro- 
phylactically  and  therapeutically  in  an  attempt  to  offset  some  of  the  harm¬ 
ful  side  effects  of  irradiation  on  the  blood  of  mice,  have  not  been  particularly 
gratifying.  However,  some  hopeful  tendencies  were  noted.  For  example, 
splenectomized  animals,  when  exposed  to  X-rays,  exhibited  both  a  marked 
anemia  and  lymphopenia.  Following  therapy,  the  red  cell  count  increased 
slightly,  whereas  it  decreased  continuously  in  animals  which  received  no 
injections  of  spleen  extract.  The  leucocyte  count  began  to  increase  following 
therapy,  while  it  continued  to  decrease  for  a  time  in  untreated  animals. 

In  general,  our  results  did  not  confirm  those  obtained  by  Dr.  Leon 
O.  Jacobson  who  reported  a  "splenic  factor”  that  wards  off  irradiation  injury 
in  experimental  animals.  There  are  several  possible  explanations  for  this 
fact.  In  the  first  place,  only  small  numbers  of  animals  have  been  used.  As 
a  result,  individual  fluctuations  may  have  caused  the  average  counts  to  be 
higher  or  lower  than  would  be  the  case  if  larger  numbers  of  mice  were 
employed.  Secondly,  the  extract  used  thus  far  has  consisted  of  spleen  pulp 
suspended  in  saline.  It  has  been  noted  that  following  injections  the  solid 
splenic  material  remained  under  the  skin  of  the  animal  long  after  the  liquid 
was  absorbed.  The  presence  of  this  material  possibly  influenced  the  blood 
picture,  particularly  the  leucocyte  counts. 

The  work  discussed  in  this  paper  will  be  continued  until  twent-five 
animals  in  each  experimental  group  have  been  studied.  In  future  experiments, 
the  spleen  extract  will  be  centrifuged  to  remove  solid  materials  and  only 
the  supernatant  liquid  will  be  used  to  inject  the  animals. 

The  hematological  changes  produced  by  X-rays  were  essentially  similar 
to  those  reported  by  other  workers.  Jacobson,  Marks,  and  Lorenz  (1949) 
reported  marked  lymphopenia  but  no  pronounced  anemia  in  animals  receiv¬ 
ing  up  to  5G0r  total  body  irradiation.  All  of  the  published  records  report 
that  following  irradiation  there  is  a  significant  decrease  in  total  leucocyte 
count  which  is  due  largely  to  a  destruction  of  lymphocytes.  Our  observa- 
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tions  were  in  accord  with  these  findings.  Both  Drs.  Wyman  Richardson 
(1948)  and  Shields  Warren  (1948)  noted  no  significant  change  in  erythro¬ 
cyte  counts  and  hemoglobin  levels  of  human  patients  receiving  X-ray 
therapy  until  some  time  after  the  treatment  was  discontinued.  In  our  work, 
neither  the  red  cell  count  nor  the  percentage  of  hemoglobin  had  changed 
significantly  at  the  close  of  the  period  of  observation  in  any  of  the  animals 
except  those  which  were  splenectomized. 

SUMMARY 

The  influence  of  homologous  spleen  extract  on  the  hematological 
changes  produced  by  X-rays  in  mice  was  studied.  In  general,  the  effects  of 
X-irradiation  on  the  blood  picture  were  in  accord  with  those  reported  by 
other  workers.  Homologous  spleen  extract  had  little  influence  on  the  hema¬ 
tological  changes  produced  by  X-rays,  except  in  the  case  of  splenectomized 
animals;  these  animals  recovered  more  rapidly  following  treatment  with  the 
extract  than  did  those  not  receiving  the  therapy. 
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GROWTH  RESPONSE  OF  CERTAIN  FUNGI  TO 
POLYMYXIN  AND  NEOMYCIN 


JOHN  B.  LOEFER  and  RUSSELL  G.  WEICHLEIN 
Southwest  Foundation  for  Research  and  Education,  and 
Trinity  University 
San  Antonio,  Texas 

Previous  studies  on  sixteen  species  of  fungi  in  vitro  by  Loefer,  Bieber- 
dorf  and  Weichlein  (1952)  have  shown  that  streptomycin  may  in  some 
cases  inhibit,  and  in  other  cases  enhance,  growth.  Campbell  and  Saslaw 
(1949)  reported  enhancement  with  streptomycin,  although  Campbell, 
Saslaw  and  Strong  (1950)  found  no  effect  with  dihydrostreptomycin,  but 
obtained  inhibition  with  four  other  antibiotics,  including  neomycin  and 
polymyxin  B  on  three  species  of  pathogenic  fungi.  In  view  of  these  reports 
it  was  of  interest  to  determine  the  growth  response  of  several  of  our  strains 
of  fungi  to  some  of  these  antibiotics. 

Polymyxin,  a  polypeptid  antibiotic  from  Bacillus  polymyxa,  which 
exhibits  a  rather  broad  spectrum  of  activity  (cf.  Baron,  1950,  p.  195),  was 
selected  since  its  antifungal  effect  had  not  been  extensively  investigated.  A 
recent  report  by  Florestano  and  Bahler  (1952),  which  appeared  while  our 
studies  were  in  progress,  indicates  that  not  only  polymyxin  B,  but  three  other 
polymyxins  as  well,  exhibit  antifungal  activity.  Neomycin  was  also  used, 
since  this  substance,  obtained  from  Streptomyces  fradiae,  was  reported  by 
Wooldridge  and  Hoffman  (1950)  to  contain  a  fungicidal  principle.  Neo¬ 
mycin  was  tested  by  Blumberg  and  Loefer  (1952)  for  its  effect  on  the 
ciliated  protozoan,  Tetrahymena  pyriformis,  and  the  results  were  of  especial 
interest  in  that  low  concentrations  of  the  substance  enhanced,  whereas  higher 
concentrations  inhibited,  the  multiplication  of  this  organism. 

MATERIAL  AND  METHODS 

Strains  of  Candida  albicans  and  'Trichophyton  mentagrophytes ,  main¬ 
tained  in  our  laboratories  for  several  years,  were  used  as  test  organisms.  The 
yeast  phases  of  these  fungi  were  cultured  in  a  medium  similar  to  that  of 
Campbell  and  Saslaw  (1949).  The  ingredients  were:  KH2PO4,  4.5  gm; 
(NH4)  2SO4,  0.5  gm;  NH4CL,  0.5  gm;  N/ 500  Fe (NH4)  2.6H2O  in  N/ 5 0 
HCL,  2  5  ml;  0.4%  MgS04.7H20,  10  ml;  glucose,  5.0  gm;  Bacto  Peptone, 
0.5  gm;  distilled  water,  1  liter. 

The  antibiotic  substances"'  tested  were  dissolved  in  this  medium  so  that 
appropriate  concentrations  could  be  obtained  by  dilution  for  each  experi¬ 
ment.  Neomycin  solutions  were  sterilized  by  drawing  through  sterile  ultra- 
fine  glass  filters.  Aseptic  techniques  were  used  throughout.  In  all  cases  10 
ml  cultures  in  22  x  175  mm  Pyrex  tubes,  previously  selected  for  uniformity 
in  diameter  and  light  transmission,  were  set  up  in  triplicate  for  each  respec¬ 
tive  test.  Hence,  any  value  shown  in  a  table  represents  an  average  determi- 


*  Polymyxin  B  (sulfate).  Product  of  Burroughs  Wellcome  &  Co.,  U.S.A. 

Neomycin  kindly  supplied  by  Merck  &  Co.,  potency  240  units  per  mg,  designated  as  crude 
neomycin. 

Neomycin  B  sulfate  furnished  by  Pfizer  &  Co.,  potency  270  units  per  mg. 
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nation  of  several  cultures  that  were  established  from  aliquots  of  the  same 
medium.  In  all  cases,  0.1  ml  of  a  48  to  72-hour  stock  was  used  to  inoculate 
each  tube.  Cultures  were  incubated  in  a  water  bath  at  27.5  °C.  for  intervals 
ranging  up  to  120  hours.  Growth  after  various  incubation  periods  was  deter¬ 
mined  by  the  method  used  by  Loefer  and  Weichlein  (1951),  which  involved 
measurement  of  light  transmission  at  610  m/x  with  a  Coleman  Junior  Spec¬ 
trophotometer.  Readings  were  recorded  as  percentages  of  light  transmission 
using  a  tube  of  the  uninoculated  medium  as  an  optical  control. 

EXPERIMENTAL  RESULTS 

Polymyxin 

Sets  of  tubes  for  experiment  1,  containing  the  concentrations  of  poly¬ 
myxin  B  indicated  in  Table  I,  were  prepared.  Following  inoculation  and  in¬ 
cubation,  readings  were  obtained  at  intervals  and  the  results  are  shown  in 
Table  1.  Some  inhibition  was  evident  in  media  containing  500  units  and 
complete  inhibition  resulted  with  all  higher  concentrations  of  polymyxin. 


TABLE  1.  Candida  albicans.  GROWTH  RESPONSE  TO 

POLYMYXIN  B. 

Percent  Light  Transmission 

Units  per  ml 

Expt. 

1 

Expt. 

2 

of  polymyxin 

52  hrs. 

74  hrs. 

48  hrs. 

72  hrs. 

0  ( Control ) 

83 

69 

67 

40 

250 

— 

— 

98 

40 

500 

98 

90 

99 

99 

750 

99 

99 

97 

97 

1000 

98 

99 

98 

98 

1500 

99 

98 

99 

99 

2000 

99 

99 

99 

100 

2500 

99 

99 

99 

99 

3000 

100 

99 

99 

99 

A  second  experiment,  also  at  pH  7.0,  in  which  tubes  containing  2  50 
units  were  added  to  the  series  of  concentrations  used  in  experiment  1,  indi¬ 
cated  that  considerable  inhibition  was  evident  at  the  2  50-unit  level,  as 
shown  in  Table  1.  A  third  and  fourth  series,  in  which  the  medium  was 
adjusted  to  pH  6.0  and  8.0  respectively,  showed  essentially  the  same  type 
of  inhibition,  although  growth  without  polymyxin  was  generally  better  at 
the  lower  pH. 

Neomycin 

In  experiment  1,  concentrations  of  neomycin  up  to  24  units  per  ml 
were  used.  The  medium  was  adjusted  to  pH  6.0.  While  no  significant  effect 
on  growth  of  C.  albicans  was  noted  with  these  amounts,  it  may  be  seen 
from  Table  2  that  T.  mentagrophytes  was  inhibited  when  as  little  as  2.4 
units  per  ml  of  the  antibiotic  was  present,  and  the  inhibition  was  consider¬ 
able  at  ten  times  this  concentration. 

In  order  to  determine  whether  a  more  refined  preparation  of  the  anti¬ 
biotic  would  have  a  similar  effect,  media  were  prepared  using  neomycin  B 
sulfate.  This  substance,  even  though  added  to  yield  concentrations  up  to 
3000  units  per  ml,  caused  neither  enhancement  nor  inhibition  of  growth. 
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TABLE  2.  Trichophyton  mentagrophyles.  GROWTH  RESPONSE  TO  NEOMYCIN 


Percent  Light  Transmission 


Units  per  ml 


neomycin 

48  hrs. 

72  hrs. 

96  hrs. 

0  (Control) 

69 

49 

45 

1.2 

66 

52 

48 

2.4 

71 

59 

56 

24.0 

86 

81 

76 

Aliquots  of  a  medium  at  pH  8.0  containing  a  series  of  neomycin  con¬ 
centrations  ranging  from  75  to  750  units  per  ml  were  employed  in  experi¬ 
ment  2  to  determine  whether  neomycin  in  these  amounts  might  have  any 
effect  on  growth.  As  shown  in  Table  3,  growth  was  enhanced  in  direct 
proportion  to  the  increasing  concentrations  of  the  antibiotics  in  the  medium. 


TABLE  3.  Candida  albicans. 

GROWTH  RESPONSE 

TO  NEOMYCIN. 

Units  per  ml. 

Percent  Light  Transmission 

of  neomycin 

48  hrs. 

72  hrs. 

0  (Control) 

67 

41 

75 

29 

150 

60 

28 

300 

52 

20 

450 

48 

19 

600 

43 

15 

750 

38 

13 

DISCUSSION 

Florestano  and  B abler  (1952)  reported  that  the  minimum  fungicidal 
concentration  of  polymyxin  B  for  C.  albicans  and  T,  mentagmphytes  in  an 
agar  medium  either  with  or  without  serum,  using  a  cup  plate  method,  was 
1906  units  per  ml.  The  preparation  we  used  in  our  experiments  was  inhibi¬ 
tory  to  C,  albicans  at  concentrations  as  low  as  2  50  units  per  mb  It  is  quite 
possible  that  the  greater  activity  we  observed  was  due  to  the  fact  that  our 
medium  was  considerably  more  alkaline  than  that  used  by  the  above- 
mentioned  investigators,  since  Rhodes  and  Vila  (1950)  reported  that  activity 
of  polymyxin  against  Staph,  aureus  was  increased  fifty-fold  at  pH  8.0  as 
compared  to  pH  6.0. 

The  comparative  results  obtained  when  crude  neomycin  and  neomycin 
B  were  used  indicates  that  the  crude  preparation  contained  a  growth  stimu¬ 
lant.  This  is  indicated  by  the  findings  shown  in  Table  3,  which  reveal  that 
growth  was  progessively  better  when  more  of  the  preparation  was  present, 
whereas  no  enhancement  was  observed  when  neomycin  B  sulfate,  a  more 
refined  substance,  was  used.  Enhancement  of  division  of  Tetrahymena  pyri- 
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formis  with  the  same  preparation  of  neomycin  was  also  noted  by  Blumberg 
and  Loefer  (1952),  particularly  following  short  incubation  periods  in  rela¬ 
tively  low  concentrations  of  neomycin.  Higher  concentrations,  however, 
were  inhibitory.  In  our  experiments  on  fungi  the  highest  concentration  of  the 
crude  neomycin  used  was  750  units  per  ml.  As  much  as  3  000  units  per  ml 
of  neomycin  B  sulfate,  however,  was  not  inhibitory.  Beck  and  Lacy  (1951) 
reported  that  concentrations  greater  than  1000  micrograms  per  ml  were 
required  for  complete  inhibition  of  growth  of  four  strains  of  C.  albicans. 

SUMMARY 

Candida  albicans  and  Trichophyton  mentagrophytes  were  used  as  test 
organisms  for  the  determination  of  antibiotic  activity  of  polymyxin  B  and 
neomycin.  Culture  media  containing  various  concentrations  of  a  crude  neo¬ 
mycin  preparation  and  neomycin  B  sulfate,  indicated  that  C.  albicans  was 
not  inhibited  by  the  latter  even  with  as  much  as  3000  units  per  ml.  The 
crude  preparation,  which  was  tested  in  amounts  up  to  750  units  per  ml, 
caused  marked  enhancement  of  growth  of  this  species  as  shown  by  turbidity 
readings.  T.  mentagrophytes ,  on  the  other  hand,  was  appreciably  inhibited 
by  neomycin  in  amounts  as  low  as  24  units  per  ml. 
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EXPERIMENTAL  EVOLUTION  IN  DROSOPHILA* 


THEODOSIUS  DOBZHANSKY 

Columbia  University 

To  come  from  New  York  to  Austin  to  speak  about  evolution  is  indeed 
like  bringing  coal  to  Newcastle.  For  about  a  quarter  of  a  century  evolu¬ 
tionists  all  over  the  world  have  looked  to  the  "Texas  group”  as  leaders  in 
the  field  of  experimental  evolutionary  studies.  Austin  has  been  the  home  of 
Professors  J.  T.  Patterson,  H.  J.  Muller,  T.  S.  Painter,  Wilson  Stone,  and, 
more  recently,  also  of  M.  J.  D.  White,  Frank  Blair,  C.  P.  Oliver,  and  others. 
Nevertheless,  I  find  myself  before  you  with  the  assignment  of  telling  you 
about  experimental  evolution  in  Drosophila. 

As  you  all  know,  the  acceptance  of  Darwin’s  Theory  of  Evolution  by 
Natural  Selection,  about  90  years  ago,  happened  despite  the  fact  that  the 
direct  experimental  evidence  in  favor  of  this  theory  was  extremely  scanty. 
Darwin  himself  was  quite  ready  to  admit  that  evolution  is  too  slow  to  be 
observed  directly,  with  the  possible  exception  of  changes  in  cultivated  plants 
and  domestic  animals,  in  which  one  is  dealing  perhaps  with  models  of  evolu¬ 
tion  rather  than  with  evolution  itself.  Darwin’s  arguments  in  favor  of  his 
theory  were  cogent  and  were  convincing,  but  they  were  indirect.  It  is  only 
within  the  last  perhaps  2  5  years  that  studies  of  evolution  have  been  subject 
to  experimental  attack.  Very  naturally,  organisms  which  multiply  at  a  rapid 
rate,  microorganisms  of  all  kinds,  some  of  the  insects  such  as  Drosophila, 
have  been  among  the  most  frequently  used  materials  for  such  studies.  It 
is  particularly  desirable  to  find  material  in  which  the  phenomena  of  natural 
selection  can  be  studied  experimentally.  Natural  selection  is  the  keystone 
of  the  Darwinian  Theory,  and  yet  natural  selection,  probably  more  than 
other  parts  of  the  general  theory  of  evolution,  eluded  experimental  attack. 
Some  species  of  Drosophila  proved  favorable  for  studies  on  selection, 
although  geneticists  had  to  use  rather  recondite  characters  for  this  purpose. 
Instead  of  using  colorations  or  sizes  or  shapes  of  externally  visible  body 
parts,  we  are  working  chiefly  with  structures  of  the  chromosomal  apparatus 
which  are  visible  only  through  the  microscope.  This  is  not  because  the  geneti¬ 
cist  likes  to  make  his  work  difficult,  but  because  these  chromosome  structures 
proved  to  be  exceedingly  meaningful  in  the  biology  of  this  organism. 

It  has  been  known  for  a  long  time  that  many  individuals  found  in 
natural  populations  of  species  of  Drosphila  carry  so-called  "suppressors  of 
crossing-over”  in  their  chromosomes.  Later  studies  of  Sturtevant  and  others 
showed  that  these  suppressors  of  crossing  over  are  due  to  the  occurrence 
of  inversions  of  sections  of  chromosomes.  An  inversion  may,  for  example, 
change  gene  arrangement  ABCD  to  an  arrangement  ACBD  in  a  chromosome. 
At  first  the  chromosomal  inversions  were  considered  neutral  or  non-adaptive 
traits.  Indeed,  if  you  compare  flies  which  carry  certain  chromosomal  inver¬ 
sions  with  flies  which  are  free  of  these  inversions,  there  is  no  difference  that 
you  can  perceive,  at  least  by  studying  the  outside  of  the  fly.  This  is  true 
not  only  in  dried  and  shrivelled  specimens;  even  in  living  individuals  no 

*  Read  at  a  symposium  on  “Population  Genetics”  at  the  annual  meeting  of  the  Texas 
Academy  of  Science,  Austin,  Texas,  December  8,  1951. 
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difference  can  be  perceived.  However,  if  flies  with  different  gene  arrange¬ 
ments  in  their  chromosomes  are  placed  in  a  simple  apparatus  known  as  the 
population  cage,  in  which  a  more  or  less  numerically  constant  population  of 
Drosophila  can  be  maintained,  it  will  be  very  frequently  found  by  means 
of  repeated  sampling  of  this  population  that  the  relative  frequencies  of  these 
different  gene  arrangements  change  with  time.  Some  of  the  gene  arrange¬ 
ments  become  more,  others  become  less,  frequent  than  they  were  in  the 
original  population.  The  fact  that  such  changes  occur  evidently  means  that 
flies  having  some  of  these  chromosomal  structures  are  better  adapted  to 
existence,  at  least  in  this  highly  artificial  environment  of  the  population 
cage,  than  flies  with  other  chromosomal  structures.  Natural  selection,  natural 
in  spite  of  the  fact  that  it  happens  in  highly  artificial  conditions,  takes  its 
course  making  some  of  the  chromosomal  structures  more  and  others  less 
frequent. 

The  population  cage  is  merely  a  wooden  box  with  wire  screen  sides  for 
ventilation  and  with  a  glass  top;  in  the  bottom  there  are  15  openings  closed 
with  corks,  each  cork  carrying  a  jar  with  the  regular  Drosophila  culture 
medium.  At  the  beginning  of  the  experiment,  a  known  mixture  of  flies  is 
introduced  into  the  cage.  Suppose  that  we  introduce  a  mixture  of  flies  which 
consists  of  50%  of  the  chromosomal  structure  A  and  50%  of  the  chromo¬ 
somal  structure  B.  In  one  generation  the  number  of  flies  in  the  population 
reaches  a  maximum,  a  maximum  determined  by  the  amount  o  f  food  given, 
and  then  stays  more  or  less  constant.  In  population  cages  of  the  type  used 
in  our  experiments,  the  adult  flies  numbered  between  1500  and  4000.  The 
number  of  eggs  deposited  by  such  a  population  in  one  generation  is  not 
exactly  known;  it  is  probably  of  the  order  of  100,000. 

At  desired  intervals,  the  population  living  in  the  population  cage  is 
examined  by  means  of  a  simple  sampling  technique.  A  bit  of  the  culture 
medium,  with  about  one  hundred  eggs  deposited  on  it,  is  withdrawn  from 
the  cage.  The  larvae  hatching  from  these  eggs  develop  in  standard  culture 
bottles,  under  optimal  conditions.  When  the  larvae  are  fully  grown,  some  of 
them  are  dissected,  and  the  chromosomes  in  their  salivary  glands  are  stained 
in  acetic  orcein. 

The  following  example  is  typical  of  the  outcome  of  experiments  with 
population  cages.  On  February  2  5,  1946,  a  mixture  of  flies  was  introduced 
into  a  cage,  consisting  of  about  10.7%  of  chromosomes  of  the  type  A  and 
89.3%  of  chromosomes  of  the  type  B.  The  samples  taken  in  this  population 
disclosed  the  following: 


Time 

Type  A 

Type  B 

February,  1946 

10.7 

89.3 

April,  1946 

21.7 

78.3 

May,  1946 

28.3 

71.7 

June,  1946 

43.7 

56.3 

August,  1946 

53.7 

46.3 

September,  1946 

54.7 

45.3 

November,  1946 

65.7 

34.3 

December,  1946 

71.0 

29.0 

March,  1947 

70.3 

29.7 

The  changes  in  the  relative  frequencies  of  the  chromosomal  types  A  and 
B  show  that  the  flies  which  carry  these  chromosomes  differ  in  fitness  in  the 

environment  of  the  population  cage.  The  A  flies  seem  to  be  better  adapted 
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than  B  flies.  Here  I  must,  however,  call  your  attention  to  the  following 
fact.  If  natural  selection  favors  A  over  B,  then  A  must  eventually  displace 
B,  and  we  must  obtain  a  population  consisting  of  100%  A.  This  obviously 
does  not  happen.  Instead,  the  frequency  of  the  better  adapted  chromosome 
type,  A  in  this  case,  increased  until  it  reaches  about  70%,  and  at  that  value 
it  becomes  stabilized.  A  population  reaches  an  equilibrium  at  about  the 
frequencies  70%  A  and  30%  B. 

Now,  the  fact  that  natural  selection  does  not  cause  a  complete  replace¬ 
ment  of  one  genetic  type  by  the  other  indicates,  as  shown  by  mathematical 
geneticists,  particularly  by  Sewall  Wright  of  Chicago,  a  very  interesting 
situation,  as  follows.  The  flies  in  the  population  cage  interbreed  at  random, 
irrespective  of  the  chromosomal  types  which  they  may  carry.  As  a  result 
of  interbreeding,  some  of  the  flies  carry  two  A  chromosomes,  or  two  B 
chromosomes  (AA  and  BB  -  structural  homozygotes),  while  others  carry 
the  A  and  B  (AB  -  structural  heterozygotes).  The  fact  that  the  population 
reaches  an  equilibrium  means  that  the  heterozygotes,  AB,  possess  a  higher 
adaptive  value  than  either  of  the  homozygotes.  The  heterozygotes  possess 
hybrid  vigor,  or  heterosis.  Taking  into  account  the  speed  of  the  changes 
observed,  one  can  compute  the  adaptive  values  of  the  chromosomal  types 
with  a  fair  degree  of  precision.  Let  us  assign  arbitrarily  the  adaptive  value 
of  1  to  the  AB  heterozygotes.  The  homozygotes  will,  then,  have  the  adaptive 
values  0.8  5  for  AA  and  0.5  8  for  BB. 

The  phenomenon  of  heterosis  is,  of  course,  quite  important  not  only 
in  fundamental  genetics  and  evolutionary  theory  but  also  in  agricultural 
practice.  Let  us,  then,  inquire  further  into  the  origin  of  the  heterosis  as 
revealed  in  the  experimental  Drosophila  populations. 

In  several  dozen  experiments  of  the  kind  performed  thus  far,  the  rule 
has  been  as  follows.  Whenever  a  population  is  made  consisting  of  two  or 
more  chromosomal  types  derived  from  the  wild  population  of  the  same 
natural  locality,  the  structural  heterozygotes  exhibit  hybrid  vigor.  We  have 
good  reasons  to  believe  that  in  nature  as  well  the  heterozygous  flies  are  adap¬ 
tively  superior  to  homozygous  ones.  This  heterosis  gives  rise  to  a  very  in¬ 
teresting  adaptive  mechanism,  with  the  aid  of  which  the  natural  populations 
maintain  their  adjustment  to  their  environment. 

The  different  chromosomal  types  may  make  the  flies  carrying  them 
adapted  to  somewhat  different  environments.  For  example,  the  flies  which 
carry  AA  chromosomes  are  superior  to  to  the  BB  flies  during  the  hot  part 
of  the  summer,  but  BB  are  superior  to  A  A  during  the  spring  season.  Natural 
selection  increases,  then,  the  incidence  of  B  chromosomes  in  the  natural 
habitats  from  March  to  June,  but  from  June  to  September  the  incidence  of 
A  increases  at  the  expense  of  B.  The  population  thus  reacts  by  genetic 
changes  to  the  seasonal  alterations  of  its  environment.  Suppose,  however, 
that  flies  which  carry  an  A  chromosome  were  to  have  an  absolute  advantage 
in  summer  and  B  an  absolute  advantage  in  winter.  It  would  be  a  very  risky 
situation,  because  a  particularly  hot  summer,  or  a  particularly  cold  winter, 
might  conceivably  do  too  good  a  selective  job,  so  to  speak,  and  make  the 
population  become  uniform  for  A  or  uniform  for  B.  That  would  perhaps 
be  advantageous  immediately,  but  sharply  disadvantageous  in  the  long  run, 
since  during  the  next  season  the  organism  would  no  longer  be  able  to  react 
adaptively  to  changes  in  its  environment.  We  know,  however,  that  the  high¬ 
est  fitness  occurs  at  all  times  in  flies  which  carry  both  chromosomes,  in  the 
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heterozygotes  AB.  With  this  heterosis,  natural  selection  establishes  the  state 
of  affairs  which  is  known  as  balanced  polymorphism.  The  outcome  of  selec¬ 
tion  in  various  environments  is  not  elimination  of  either  A  or  B,  but  an 
equilibrium  at  which  both  A  and  B  chromosomes  occur  in  the  population 
with  definite  frequencies.  The  population  is  buffered  against  environmental 
changes;  it  can  alter  its  genetic  constitution  to  fit  the  environment  which 
prevails  at  a  given  place  and  time,  but  it  is  protected  against  losing  any  of 
its  genetic  constituents  which  make  this  fitness  possible. 

Heterosis  is,  however,  the  rule  only  if  a  population  is  made  of  chromo¬ 
somal  types  derived  from  ancestors  collected  in  the  same  locality  or  geo¬ 
graphic  region.  But  in  the  laboratory  we  may  also  create  populations  in 
which  the  competing  chromosomal  types  will  differ  in  the  geographic  origin. 
For  example,  experiments  were  made  in  which  the  chromosomes  of  the  type 
A  were  derived  from  the  population  of  a  certain  locality  in  California  and 
chromosomes  of  the  type  B  were  taken  from  a  Mexican  population.  When 
this  is  done,  heterosis  is  no  longer  the  rule.  If  the  chromosomal  types  come 
from  populations  of  different  geographic  origin,  the  heterozygotes  are  no 
longer  superior  in  fitness  to  the  corresponding  homozygotes.  The  heterozy¬ 
gotes,  AB,  are  usually  intermediate  in  fitness  between  the  homozygotes, 
AA  and  BB.  The  experiments  should,  then,  give  a  different  outcome  from 
the  ones  which  we  considered  before.  Instead  of  an  equilibrium  being  reached, 
one  of  the  chromosomal  types  should  crowd  out  the  other  entirely. 

A  population  cage  was  started  with  flies  which  carried  50%  of  chromo¬ 
somes  A  from  California  and  50%  B  from  Mexico.  At  the  beginning  of 
the  experiment  the  viability  of  the  AA,  AB,  and  BB  flies  was  studied,  and 
no  heterosis  was  found.  AA  flies  were  superior  to  AB,  and  the  latter  were 
about  equal  to  BB.  This  being  the  case,  one  must  expect  that  the  population 
will  eventually  consist  of  the  AA  flies  only.  At  first,  the  changes  observed 
seemed  to  fit  this  expectation  fairly  well:  the  frequency  of  A  chromosomes 
was  rising  and  of  B  chromosomes  falling|  But  then  the  unexpected  happened, 
and,  instead  of  establishment  of  A  and  elimination  of  B,  an  equilibrium 
was  reached  at  the  relative  frequencies  of  about  75%  A  and  25%  B.  After 
the  equilibrium  state  was  reached,  the  AB  flies  were  shown  to  have  a  viability 
superior  to  AA,  and  AA  to  BB.  A  hybrid  vigor  has,  evidently,  developed. 

This  very  unexpected  outcome  of  the  experiment  should  apparently 
be  interpreted  as  follows.  The  presence  or  absence  of  hybrid  vigor  is  not 
an  inherent  property  of  the  chromosomal  types  which  the  flies  may  carry. 
Heterosis  is  the  product  of  an  evolutionary  process  which  may  be  called 
coftdaptation.  Chromosomes  of  different  types,  but  coming  from  the  same 
geographic  region,  carry  complexes  of  genes  which  are,  by  a  long  continued 
process  of  natural  selection,  co-adapted,  fitted  to  each  other,  in  such  a  way 
that  when  they  come  together  in  one  individual,  they  give  a  high  adaptive 
value,  or  heterosis,  in  the  heterozygote.  However,  chromosomes  from  differ¬ 
ent  geographic  regions,  which  never  have  had  a  chance  of  being  together 
in  heterozygotes  in  the  same  populations,  would  not  necessarily  fit  together 
in  their  gene  contents.  Indeed,  natural  selection  is  not  expected  to  bring 
about  co-adaptation  of  the  chromosomes  which  occur  in  populations  of 
California  and  of  those  of  Mexico.  These  populations  are  geographically  so 
distant  that  their  constituents  never  mate  and  their  chromosomes  never 
occur  in  the  same  individual. 
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Nevertheless,  when  the  experimenter  places  chromosomes  from  Cali¬ 
fornia  and  from  Mexico  in  the  same  artificial  population,  the  process  of 
genetic  co-adaptation  may  take  place  in  the  experiment.  This  is  what  has 
apparently  happened  in  the  population  referred  to  above.  The  geme  com¬ 
plexes  which  produce  a  high  fitness  in  their  carriers  are  favored  by  natural 
selection,  whether  they  be  in  natural  or  in  artificial  populations.  If  the  high¬ 
est  fitness  happens  to  be  the  property  of  a  hybrid,  a  heterozygote,  then  the 
gene  complexes  which  produce  heterosis  are  selected  for.  Eventually  a  new 
population  emerges  in  which  the  gene  complexes  in  the  different  chromo¬ 
somes  fit  together  in  the  best  possible  way,  and  heterosis  appears  . 

The  next  question  which  we  have  to  ask  is  this:  just  where  are  the 
genes,  which  form  these  co-adapted  gene  complexes?  There  are  here  two 
outstanding  possibilities.  First,  one  may  suppose  that  the  co-adaptation  is 
essentially  co-adaptation  of  gene  complexes  in  a  pair  of  chromosomes,  A  and 
B,  which  come  together  and  either  produce  heterosis  or  not.  The  other  possi¬ 
bility  would  be  that  the  heterosis,  hybrid  vigor,  is  not  a  property  of  just  two 
chromosomes  of  a  pair,  but  a  property  of  the  entire  genotype.  In  other 
words,  that  the  genotype  of  the  California  race  of  D.  pseudoobscura  is  so 
contrived  by  a  long  process  of  natural  selection  during  the  evolution  of  the 
population,  that  in  its  genotype,  in  its  racial  genotype,  a  heterosis,  a  hybrid 
vigor,  is  displayed.  And  again  in  the  Mexican  population  the  entire  genotype 
is  a  coherent  system,  which  permits,  let  us  say,  a  Mexican  heterosis  to  be 
observed.  But  when  one  puts  together  in  the  same  population  these  two 
systems,  each  of  them  in  itself  adaptively  coherent,  then,  owing  to  the  Men- 
delian  recombination  which  takes  place  in  the  F2  and  in  further  generations 
of  hybrids,  the  adaptive  systems  of  these  two  populations  are  broken  down 
After  they  are  broken  down,  however,  a  new  process  of  natural  selection 
is  inaugurated  in  the  artificial  experimental  population.  This  process  event¬ 
ually  leads  to  the  emergence  of  a  third,  hitherto  non-existing,  new  adaptive 
system  which  gives  the  new  heterosis  in  the  new  population  adapted  to  the 
existence  in  these  artificial  conditions  of  the  laboratory  experiments. 

Now,  if  this  hypothesis  is  correct,  one  interesting  consequence  follows. 
Namely,  the  degree  of  repeatability  of  the  experiment  will  be  a  function 
of  the  number  of  genes,  the  number  of  genetic  elements  which  go  into  the 
composition  of  this  adaptive  system.  If  the  number  of  genes  which  must 
be  put  together  in  this  new  adaptive  genotype  is  small,  then,  of  course,  the 
experiment  will  be  easily  repeatable  and  will  every  time  lead  to  the  same 
result.  However,  the  number  of  genes  may  be  large;  it  may  amount  to  dozens 
or  perhaps  hundreds  of  genes.  Suppose,  for  example,  that  a  definite  com¬ 
bination  of  one  hundred  Mexican  and  Californian  genes  must  be  created  to 
produce  a  high  fitness  in  the  flies  in  the  population  cage.  The  Mendelian 
recombination  process  which  takes  place  in  the  hybrids  between  the  races 
from  California  and  Mexico  is  potentially  able  to  produce  a  tremendous 
number  of  various  gene  combinations.  The  probability  of  any  one  of  these 
gene  combinations  in  particular  arising  in  a  given  experiment  may,  however, 
be  quite  small.  The  population  cages  used  in  our  experiments  contain  between 
some  1500  and  4000  adult  flies.  If  the  heterotic  gene  combinations  have  the 
probability  of  appearance,  say  1:100000,  then  such  gene  combinations  may 
or  may  not  arise  in  a  given  experimental  population. 

The  result  of  such  a  situation  is  a  very  peculiar  but  interesting  one. 
The  experiment  which  gave  rise  to  a  "new”  heterosis  mechanism  may  be 
difficult  to  repeat.  According  to  preliminary  data  this  seems  apparently  to 
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be  the  case.  The  original  experiment  was  made  in  a  single  population  cage, 
with  no  replications.  When  this  experiment  was  started,  I  did  not  expect, 
of  course,  heterosis  to  develop.  Now,  the  heterosis  did  develop.  When  the 
experiment  was  repeated  with  another  population,  it  did  not  produce  the 
same  result  at  all.  Instead  of  formation  of  heterosis,  this  time,  one  of  the 
chromosomal  types  was  eliminated  and  the  other  established.  Evidently  we 
must  now,  however  laborious  the  procedure  is,  make  a  sufficient  number  of 
replicate  experiments  which  would  show  to  what  extent  and  under  what 
conditions  the  results  can  be  reproduced. 

To  an  experimentalist,  the  inability  to  reproduce  an  experimental  result 
is  highly  disconcerting.  So,  in  a  way,  the  outcome  of  our  experiments  seems 
discouraging.  But  maybe  this  is  a  blessing  in  disguise.  Evolutionists,  particu¬ 
larly  evolutionists  who  approach  their  subject  from  studies  on  paleontological 
materials,  assure  us  that  the  evolutionary  process  is  irreversible  and  un¬ 
repeatable.  This  irreversibility  and  unrepeatability  of  evolution  has  some¬ 
times  been  described  as  the  property  of  the  so-called  macro-evolution. 

A  paleontologist  who  studies  the  evolution  of  the  horse  tribe,  or  for 
that  matter  the  evolution  of  the  human  stock,  is  studying  the  macro¬ 
evolution.  We  geneticists  study  merely  the  changes  in  frequencies  of  chro¬ 
mosomal  types  in  Drosophila  populations — we  are  studying  micro-evolution. 
Micro-evolution  is  something  which  entails  changes  in  relatively  few  genes, 
and  consequently  the  results  obtained  are  nicely  reproducible  and  repeatable. 
Now,  in  the  experiments  which  are  now  in  progress,  of  which  the  account 
I  have  given  here  is  naturally  a  very  preliminary  one,  we  have  perhaps  for 
the  first  time  a  situation  which  is,  in  a  sense,  intermediate  between  experi¬ 
mental  micro-evolution  which,  of  course,  has  frequently  been  seen  before, 
and  macro-evolution  which  has  never  been  seen — never  been  experimented 
with.  I  am  playing  with  the  idea  of  calling  that  situation  me  so  evolution. 
Needless  to  say,  mesoevolution  is  not  a  different  kind  of  evolution,  but  there 
is  no  difference  in  principle  between  microevolution  and  macroevolution 
either.  It  is  merely  the  question  of  the  magnitude  of  the  changes  that  are 
evolved.  Nevertheless,  it  is  possible  that  in  our  experiments  we  have  ob¬ 
served  changes  which  entail  more  gene  elements  than  involved  in  any  other 
evolutionary  change  so  far  observed  in  laboratory  experiments. 


NOTES  ON  A  COLLECTION  OF  REPTILES  AND 
AMPHIBIANS  FROM  MEXICO,  1951-1952 

JOHN  E.  WERLER1  and  HOBART  M.  SMITH2 


The  collections  reported  here  are  the  result  of  two  field  trips  to  Mexico: 
one  by  the  senior  author  and  Jack  Reid,  January  2-24,  1951,  and  the  second 
by  the  senior  author  and  Edward  Werner,  January  3-15,  1952.  Included  are 
122  specimens,  representing  6 3  species  and  subspecies.  Most  are  from  the 
states  of  Veracruz  and  Oaxaca.  Especially  outstanding  are  range  extensions 
involving  new  state  records  for  three  species  ( Anolis  kidderi ,  Oaxaca;  Anolis 
ustus,  Veracruz;  Stenorrhina  freminvillii  apiata,  Chiapas)  ;  noteworthy  local¬ 
ities  for  two  species  in  Veracruz  ( Syrrhophus  leprus,  Conophis  line  atm 
lineatus ) ;  sexual  dichromatism  in  one  species  ( Manolepis  putnami) ;  and  one 
rarity  ( Pseudoeurycea  nigromaculata) .  One  new  subspecies  (of  Ninia  dia- 
demata )  is  being  described  elsewhere,  and  a  few  Leptodeira  are  being  held 
for  further  study. 

We  include  herewith  photographs  taken  by  Darling  and  Werler  of 
living  examples  of  17  species,  most  of  which  have  never  been  illustrated  by 
photographs  before,  and  none  from  life.  All  specimens  are  in  the  collections 
of  the  University  of  Illinois  Museum  of  Natural  History  (to  which  numbers 
refer) ,  unless  otherwise  indicated. 

We  are  grateful  to  Mr.  Thomas  MacDougall,  Senor  Alvarez  del  Toro 
and  Dr.  Vicente  X.  Nieto  for  their  kindness  in  helping  to  secure  certain 
specimens,  and  to  Donald  M.  Darling  for  assistance  during  this  study. 

Bolitoglossa  platydactyla  (Gray) 

(Fig.  1) 

A  single  juvenile  (No.  29690),  28  mm.  snout  to  vent,  is  from  28  miles 
northwest  of  Santiago  Tuxtla,  Veracruz,  January  11,  1952.  Two  other  photographs 
of  specimens  of  this  species  have  been  published,  so  far  as  we  are  aware;  both  depict 
a  preserved  adult  in  dorsal  view  (Taylor,  1939:  pi.  28,  fig.  1;  Stuart,  pi.  2,  fig.  1). 

Pseudoeurycea  nigromaculata  (Taylor) 

We  are  tentatively  referring  a  juvenile  (No.  25103)  to  this  species.  It  is  from 
the  mountain  crest  2-3  miles  west  of  Acultzingo,  Veracruz,  collected  Jan.  7,  1951, 
from  a  bromeliad  growing  on  a  tree  limb  about  7  feet  above  the  ground.  The 
specimen  is  darkly  pigmented  above,  and  is  but  little  lighter  below;  the  chin 
is  only  slightly  lighter  than  the  belly.  The  snout-vent  measurement  is  27  mm.,  the 
tail  21.5  mm.  A  single  individual  as  small  as  this  is  not  certainly  referable  to 
species;  the  feet  are  too  large  for  P.  leprosa,  but  agree  fairly  well  with  those  of 
P.  cephalica.  The  body  is  more  slender  than  in  specimens  of  comparable  size  of  the 
latter  species,  however.  Probably  the  specimen  represents  the  same  population  as 
UIMNH  21807,  an  adult  from  the  same  locality  and  reported  elsewhere  (Smith 
Smith  and  Werler,  1952)  as  an  aberrant  P.  nigromaculata.  Still  further  individuals 
are  necessary  to  determine  whether  a  taxonomically  distinct  population  is  involved, 
or  intergrades  between  P.  cephalica  or  P.  leprosa  and  P.  nigromaculata. 

Bufo  valliceps  valliceps  Wiegmann 

One  (No.  27134)  is  from  San  Andres  Tuxtla,  Veracruz.  It  shows  no  approach 
to  either  B.  cristatus  or  B.  cavifrons. 


*  San  Antonio  Zoological  Society. 

2  Department  of  Zoology  and  Museum  of  Natural  History,  University  of  Illinois. 
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Engystomops  pustulosus  (Cope) 

Two  specimens  (No.  25099-100)  are  from  4  miles  west  of  Boca  del  Rio, 
Veracruz,  Jan.  9,  1951,  and  one  (No.  25098)  from  several  miles  west  of  Cotaxtla, 
Veracruz,  Jan.  8,  1951.  Both  were  found  under  stones  along  the  edge  of  a  stream. 

Leptodactylus  labialis  (Cope) 

Three  specimens  (Nos.  25092-3,  28080)  are  from  several  miles  west  of 
Cotaxtla,  Veracruz. 

Leptodactylus  melanonotus  ( Hailowell ) 

Eleven  specimens  are  available,  two  (Nos.  25081-2)  from  12.4  miles  north 
of  Zimapan,  Veracruz,  Jan.  4,  1951;  six  (Nos.  25083-8)  from  3  miles  west  of 
Cotaxtla,  Veracruz,  Jan.  8,  1951;  one  (No.  25089)  from  4  miles  west  of  Boca 
del  Rio,  Veracruz,  Jan.  9,  1951;  and  two  (Nos.  25090-1)  from  4.2  miles  north 
of  Matias  Romero,  Oaxaca,  Jan.  16,  1951.  The  smallest  specimen  (No.  25089),’ 18.5 
mm.  in  snout-vent  length,  lacks  the  yellowish  glandular  areas  present  in  all  other 
specimens.  Four  measure  from  19.5  mm.  to  22  mm.  snout  to  vent,  but  have  well 
defined  glandular  areas,  distributed  as  follows:  along  sides  of  abdomen,  from  level 
of  axilla  to  groin;  a  separate  median  area  at  rear  of  abdomen,  at  level  of  groin;  and 
on  posteroventral  surface  of  thighs.  In  the  largest  specimen  (36  mm.  snout  to  vent) 
these  areas  are  more  extensive  including  parts  of  the  ventral  surfaces  of  metatarsal 
region  and  shank,  the  upper  foreleg  and  sides  of  throat.  None  of  the  four  adults 
are  males. 

Syrrhophus  leprus  (Cope) 

(Fig.  2) 

A  fine  series  of  11  specimens  was  secured,  10  at  San  Andres  Tuxtla  (Nos. 
27123-31,  28611),  1  at  a  point  28  miles  northwest  of  Santiago  Tuxtla  (No.  27122), 
Veracruz.  Most  of  the  specimens  were  taken  from  under  fallen  tree  limbs,  stones 
and  other  debris,  January  11,  1952.  These  have  been  compared  with  others  from 
central  Veracruz,  with  which  they  appear  to  be  identical  despite  the  absence  of  more 
southerly  reports  in  Mexico  on  Atlantic  slopes.  The  species  is  certainly  to  be 
expected  there,  however,  since  it  has  been  recorded  from  Piedras  Negras,  Peten, 
Guatemala. 

No  photograph  has  previously  been  published  of  an  example  of  this  species. 

Acrodytes  spilomma  (Cope) 

Five  adults  (Nos.  25079,  28083-6)  are  from  4  miles  west  of  Boca  del  Rio, 
Veracruz,  collected  January  9,  1951.  Two  were  found  under  a  layer  of  dead,  dry 
leaves;  the  remainder  were  uncovered  by  pulling  the  loose  bark  from  standing  trees. 

Hyla  euphorbiacea  Gunther 

No.  28082  is  an  adult  found  in  a  bromeliad  on  the  mountain  crest  above 
Acultzingo,  Veracruz,  January  6,  1951. 

Hyla  staufferi  Cope 

Six  specimens  are  in  the  collection,  including  one  (No.  28081)  from  4.2  miles 
west  of  Matias  Romero,  Oaxaca;  one  (No.  25094)  from  several  miles  west  of 
Cotaxtla,  Veracruz,  Jan.  8,  1951;  and  three  (Nos.  25095-7)  from  15.3  miles  west 
of  Alvarado,  Veracruz,  Jan.  10,  1951.  At  the  last- mentioned  locality  specimens  were 
found  in  large  numbers  within  urn-shaped  bromeliads  growing  at  the  edges  of 
marshland. 

Rana  palmipes  Spix 

Two  (Nos.  27132-3)  are  from  San  Andres  Tuxtla,  Veracruz,  January  11,  1952. 

Rana  pipiens  austricola 

A  juvenile  (No.  25080)  is  from  12.4  miles  north  of  Zimapan,  Veracruz,  Jan. 
4,  1951. 

Micro  batrachylus  minimus  Taylor 

A  single  adult  (No.  25102)  is  from  5.3  miles  west  of  Santiago  Tuxtla,  Vera¬ 
cruz,  Jan.  11,  1951.  It  differs  from  descriptions  in  having  the  tibiotarsal  joint 
reaching  end  of  snout,  but  in  this  respect  agrees  completely  with  specimens  with 
which  it  was  compared  from  other  localities  In  the  state  of  Veracruz.  It  is  likely 
that  the  Atlantic  populations  are  distinct  from  the  Guerrero  ones. 
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Microbatrachylus  pygmaeus  Taylor 

One  (No.  27135)  is  from  Laguna  Encantada  near  San  Andres  Tuxtla,  Veracruz, 
January  11,  1952. 

Geoemyda  rubida  (Cope) 

(Figs.  3,  4) 

A  single  specimen  (No.  29693)  is  from  the  base  of  Mt.  Guengola,  northwest 
of  Tehuantepec,  Oaxaca,  taken  January  16,  1952.  It  agrees  with  one  other  specimen 
from  the  same  locality,  and  differs  from  three  taken  farther  north  (km.  65,  Oaxaca 
state),  in  having  the  head  chiefly  light  (cream)  above.  The  light  transverse  occipital 
bar  and  V-shaped  fronto-temporal  bar  are  both  greatly  enlarged,  leaving  only  an 
inter-orbital  dark  bar  and  a  few  scattered  dark  spots  in  the  occipital  region.  In  life 
the  darker  streaks  on  side  of  head  and  on  canthus  are  dark,  bright  red;  the  ventral 
fleshy  surfaces  of  limbs  and  neck  are  pink;  and  the  lower  jaw  is  pale  orange.  The 
species,  figured  herewith,  has  not  before  been  illustrated. 

Pseudemys  scripta  cataspila  (Giintlier) 

A  single  specimen  (No.  28079)  is  from  21  miles  north  of  Santa  Inez,  Tamau- 
lipas.  It  is  a  juvenile  measuring  69  mm.  in  medial  plastral  length.  The  postorbital 
light  spot  is  separated  from  the  eye,  but  continuous  posteriorly  with  a  longitudinal 
stripe.  Two  subrectangular,  longitudinal  dark  markings  are  present  on  the  middle 
of  the  plastron. 

Coleonyx  elegans  nemoralis  Gray 

A  single  adult  (No.  28067;  was  collected  at  night  near  kilometer  777,  on  the 
Oaxaca-Tehuantepec  Highway,  Oaxaca,  northwest  from  Tehuantepec.  It  is  60  mm. 
from  snout  to  vent.  The  supranasals  are  separated  medially  by  a  small  circular 
scale.  Inasmuch  as  specimens  previously  reported  from  this  area  are  regarded  as  ele¬ 
gans  -  nemoralis  intergrades,  this  specimen  probably  fits  here.  However,  the  presence 
of  separated  supranasals  places  it  nearer  the  latter.  The  preanal  pores  number  8. 
There  are  4  broad,  dark  bands  on  the  body,  and  8  narrower  bands  on  the  tail. 

Phyllodactylus  muralis  Taylor 

Two  specimens  are  in  the  collection,  No.  28072  from  Mt.  Guengola  and  No. 
28073  from  Rio  Hondo,  Oaxaca. 

Sphaerodactylus  glaucus  glaucus  Cope 

Three  specimens  (Nos.  28068-70)  were  collected  11  miles  northwest  of  San¬ 
tiago  Tuxtla,  Veracruz.  All  were  secured  from  a  single  small  bromeliad  growing 
25  or  30  feet  from  the  ground,  on  the  limb  of  a  large  tree. 

Each  is  marked  a  little  differently  from  the  others. 

No.  28069,  measuring  21  mm.  from  snout  to  vent,  is  lighter  than  the  others, 
being  more  brown  them  gray.  Several  lateral  stripes  begin  at  the  orbit  and  extend 
nearly  to  the  hind  legs  where  they  become  indistinct.  Two  ill-defined  stripes  extend 
posteriorly  from  the  supraoculars,  converging  at  a  point  on  the  back  opposite  the 
insertion  of  the  forelegs.  Between  the  stripes  of  this  V-shaped  marking  is  a  short 
disconnected  longitudinal  stripe.  At  the  end  of  the  tail  are  two  dark-bordered  light 
bands.  Near  the  middle  of  the  tail  is  an  indication  of  a  similar  band.  Some  pigment 
on  limbs;  digits  indistinctly  banded. 

No.  28068  is  20  mm.  in  body  length  but  is  without  a  tail.  The  anterior  longi¬ 
tudinal  stripes  of  this  specimen  are  generally  similar  to  those  of  the  preceding.  There 
is  a  black  spot  directly  behind  the  head  and  a  smaller  black  spot  on  the  right 
shoulder.  Dorsally  and  between  the  hind  legs  are  two  irregular  black  spots.  Extending 
the  length  of  the  thigh  and  across  the  tibia  is  a  dark-bordered  light  band.  There  is 
a  light  spot  on  the  elbow  of  each  hind  leg. 

Although  No.  28070  is  similar  in  marking  to  No.  28069,  the  head  markings 
are  less  clearly  defined.  Two  small  confluent  spots  occupy  the  nape  region.  Extending 
backward  from  the  hind  legs  are  two  black  dorsal  markings.  The  legs  and  digits 
are  rather  heavily  pigmented.  The  tail  is  without  bands. 

Sphaerodactylus  glaucus  torquatus  Strauch 

A  single  specimen  (No.  28071)  is  from  the  base  of  Mt.  Guengola,  Oaxaca. 
It  is  23  mm.  from  snout  to  vent,  and  has  a  distinct  cream-colored  nuchal  collar, 
bordered  on  both  sides  by  a  black  band  of  equal  width;  two  longitudinal  lines  from 
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FIG.  1.  Bolitoglossa  platydactyla  (Gray),  UIMNH  No.  29690,  28  m.  NW  Santiago 
Tuxtla,  Veracruz;  snout-vent  length  28  mm. 


FIG.  2.  Syrrhophus  leprus  (Cope),  UIMNH  No.  28611,  San  Andres  Tuxtla, 
Veracruz;  snout-vent  length  245  mm. 
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FIG.  3.  Geoemyda  rubida  (Cope),  UIMNH  No.  29693,  base  of  Mt.  Guengola, 
near  Tehuantepec,  Oaxaca;  carapace  length  168  mm. 


FIG.  4, 


Same  as  Fig.  3. 
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collar  to  eye;  four  indistinct  transverse  light  bands  across  the  back,  and  one  which 
extends  only  half  way  across  the  dorsum;  2  light,  dark-edged  dorsal  spots  at  base 
of  tail;  indistinct  light  bars  on  legs. 

Anolis  kidderi  Ruthven 

An  adult  male  (No.  28074)  from  4.2  miles  north  of  Matias  Romero,  Oaxaca, 
collected  January  16,  1951,  is  referred  to  this  species  on  the  basis  of  complete  agree¬ 
ment  with  the  original  description,  despite  apparent  geographic  improbability.  The 
supraorbital  semicircles  are  broadly  in  contact  from  the  prefrontal  region  posteriorly 
to  the  interparietal,  with  only  one  tiny  scale  immediately  in  front  of  the  inter¬ 
parietal  intercalated  between  the  semicircles.  One  scale  of  one  semicircle  is  in  contact 
with  the  interparietal  on  each  side,  with  2  tiny  scales  (exclusive  of  the  one  previously 
mentioned)  intercalated  elsewhere  between  the  interparietal  and  semicircles.  The 
dewlap  has  a  central  dark  spot;  there  are  3  large  supraoculars,  the  median  of  which 
is  bordered  by  1  enlarged  scale  smaller  than  any  of  the  other  3;  the  dorsals  are 
2/3  size  of  the  ventrals,  both  strongly  keeled;  and  the  postanals  are  not  enlarged. 

It  has  been  suggested  that  kidderi  is  but  an  extreme  in  the  normal  variation  of 
A.  ustus,  and  this  may  be  quite  correct.  Until  further  evidence  is  available,  however, 
we  prefer  tentatively  to  regard  kidderi  as  a  distinct  species.  Other  records  are  from 
only  Yucatan  and  Campeche,  but  many  localized  subspecies  or  species  have  such  a 
range,  including  the  northern  Isthmus  as  well  as  the  Yucatan  Peninsula. 

Anolis  nebuloides  Bocourt 

A  single  juvenile  (No.  28075)  is  from  Juchitan,  Oaxaca,  January  16,  1951. 

Anolis  sallaei  Gunther 

A  single  adult  male  (No.  28076)  is  from  Santa  Inez,  Tamaulipas,  January  3, 
1951.  It  has  a  dark  gular  spot,  no  enlarged  postanals,  small  dorsals  (20  in  1/2  head 
length  from  snout  to  anterior  border  of  ear),  numerous  (6-8)  enlarged  supraoculars, 
and  the  supraorbital  semicircles  separated  from  each  other  by  a  single  row  of  small 
scales  (one  of  which  is  very  small,  separating  the  semicircles  very  narrowly). 

Taylor  (  1952:805)  has  shown  that  the  name  Anolis  sericeus  Hallowell,  applied 
to  this  species  for  the  past  15  years,  is  based  upon  an  example  of  another  species. 

Anolis  ustus  Cope 

A  single  juvenile  (No.  28077)  taken  January  11,  1951,  from  1.8  miles  east  of 
Santiago  Tuxtla,  Veracruz,  is  referred  to  this  species.  It  was  collected  among  debris 
in  an  abandoned  corn  field,  elevation  about  2000  ft.  It  has  essentially  the  same 
scutellation  of  head  and  body  as  the  example  of  kidderi,  except  that  there  is  a  com¬ 
plete,  single  row  of  small  scales  between  the  semicircles  and  interparietal.  The  scales 
of  the  semicircles  are  about  half  the  proportionate  size  of  those  in  the  example  of 
kidderi.  The  enlarged  supraoculars  are  a  little  smaller,  being  separated  from  the  semi¬ 
circles  by  scales  of  a  larger  size  than  those  in  kidderi. 

This  appears  to  be  the  first  record  of  this  species  in  the  Veracruzian  portion 
of  the  Isthmus,  but  this  distribution  again  parallels  that  of  many  other  reptiles  and 
may  well  have  been  anticipated.  The  anoles  of  southern  Mexico  have,  as  a  matter 
of  fact,  been  little  studied. 

A.  sallaei,  which  is  most  like  A.  ustus  of  Mexican  species  other  than  A.  kidderi, 
has  smaller  and  more  numerous  enlarged  supraoculars  and  smaller  dorsals  (13  in  Vi 
the  head  length  in  the  present  example  of  ustus,  20  in  the  example  of  sallaei  listed 
previously) . 

Basiliscus  vittatus  Wiegmann 

A  large  adult  male  (No.  28038)  is  from  Tehuantepec,  Oaxaca. 

Enyaliosaurus  quinquecarinatus  (Gray) 

(Figs.  5-7) 

Three  specimens  (Nos.  28039-41)  were  collected  on  Mt.  Guengola,  Oaxaca, 
January  16,  1951.  Invariably,  they  took  cover  within  the  cavities  of  dead  fallen  or 
standing  trees,  two  or  more  individuals  often  occupying  the  same  hollow. 

No  photographs  have  previously  been  published  of  living  examples  of  this 
species,  although  Bailey  (1928:  pis.  24-26)  does  reproduce  photographs  of  dull- 
colored  preserved  examples. 

Phry nosoma  asio  Cope 
(Fig.  8) 

An  adult  male  124  mm.  snout  to  vent  (No.  28042)  is  from  the  vicinity  of 
Tehuantepec,  Oaxaca.  We  include  a  photograph  since  none  has  previously  been 
published  of  any  example  of  this  species. 
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Sceloporus  edwardtaylori  Smith 
(Fig.  9) 

One  female  (No.  28050)  is  from  the  base  of  Mt.  Guengola,  Oaxaca,  collected 
Jan.  16,  1951.  It  has  30  dorsal  scales  from  occiput  to  a  point  above  anal  opening, 

11-11  femoral  pores,  and  is  105  mm.  in  snout  to  vent  length.  Although  one  other 

photograph  of  this  species  has  been  published  (Smith,  1939:  pi.  8),  the  accom¬ 
panying  illustration  shows  certain  features  not  previously  illustrated. 

Sceloporus  formosus  formosus  Wiegmann 
(Figs.  10,  11) 

Two  specimens,  a  male  (No.  28053)  and  a  female  (No.  28052)  were 

collected  at  the  crest  of  the  mountain  above  Acultzingo,  Veracruz,  Jan.  7,  1951. 

Respectively,  they  have  a  body  length  of  80  mm.  and  69  mm.  Both  have  35  rows 
of  scales  from  occiput  to  a  point  above  anus  and  16-16  femoral  pores.  The  male 
was  green  in  life;  the  female,  varying  shades  of  brown.  Photographs  of  specimens  of 
this  subspecies  have  not  previously  been  published;  the  photographs  labelled  S.  f. 
formosus  published  in  Smith  (1939:  pi.  1)  belong  to  a  subspecies  later  named 
S.  f.  scitulus. 

Sceloporus  melanorhinus  melanorhinus  Bocourt 
(Figs.  12,  13) 

A  young  male  (No.  28051)  was  taken  from  a  large  rotting  log  near  Cintalapa, 
Chiapas,  Jan.  20,  1951.  It  measures  62  mm.  from  snout  to  vent  and  has  30  scale 
rows  from  occiput  to  a  point  above  anus  and  22-21  femoral  pores.  Allocation  of 
another  single  specimen  from  nearby  Piedra  Parada  (Smith,  1947:  68)  to  S.  m. 
stuarti  (Smith  and  Taylor,  1950:  113)  is  opened  to  question  by  this  specimen.  A 
series  will  be  required  to  establish  the  status  of  the  population. 

Photographs  previously  published  (Smith,  1939:  pis.  9,  10)  do  not  show 
clearly  certain  features  of  pattern  and  scutellation  depicted  in  accompanying  illustra¬ 
tions. 

Sceloporus  siniferus  siniferus  Cope 

Two  specimens  are  in  the  collection,  one  (No.  28043)  from  Mt.  Guengola, 
Oaxaca  and  another  (No.  28044)  from  Rio  Hondo,  Oaxaca.  Respectively,  they  have 
43,  40  dorsal  scale  rows;  7-7,  6-6  femoral  pores;  and  a  body  length  of  53  mm., 
50  mm. 

Sceloporus  teapensis  Gunther 

Two  specimens  (Nos.  28046-7)  from  the  south  shore  of  Lake  Catemaco, 
Veracruz,  and  two  (Nos.  28048-9)  from  San  Andres  Tuxtla,  Veracruz,  all  collected 
on  Jan.  13,  1952,  have  the  following  scale  characters  and  measurements,  respectively: 
dorsal  scales  from  occiput  to  a  point  above  anal  opening  39,  45,  44,  45;  femoral 
pores  12-12,  12-12,  12-12,  13-13;  body  length  in  millimeters  62,  54,  51  and  52. 
Although  this  form  appears  to  be  very  distinct,  its  relationship  to  variabilis  is  unmis¬ 
takable.  Its  distributional  relationship  to  the  latter  species  duplicates  that  of  many 
subspecies  of  the  same  species  to  each  other.  It  is  highly  likely  that  this  form  will 
likewise  prove  to  be  subspecifically  related  to  its  adjacent  relatives. 

Sceloporus  variabilis  variabilis  Wiegmann 

A  young  male  (No.  28078)  is  from  Acultzingo,  Veracruz.  It  is  unusual  in 
possessing  small  (63)  dorsals.  This  may  well  be  simply  an  effect  of  higher  altitude 
(cooler  temperatures?),  since  a  similar  increase  in  count  has  been  noted  elsewhere 
at  high  altitudes  ( Jalpan,  Queretaro;  La  Placita,  Hidalgo;  Smith,  1939:  270).  On 
the  other  hand,  high  counts  are  not  always  associated  with  high  altitude,  for  -S',  v. 
smithi  occurs  at  low  elevations  in  a  region  of  high  temperature.  Futhermore  there 
is  a  certain  degree  of  continuity  of  range  indicated  by  the  three  records  cited  above 
of  high  counts  in  -S',  v.  variabilis ,  suggesting  that  a  valid  and  distinct  subspecies  may 
be  involved. 

Sceloporus  variabilis  marmoratus  Hallowed 

A  single  male  (No.  28045)  from  Santa  Inez,  Tamaulipas,  collected  Jan.  3, 
1951,  is  49  mm.  from  snout  to  vent  and  has  59  dorsal  scale  rows  and  12-12 
femoral  pores. 

Ameiva  undulata  amphi gramma  Smith  and  Laufe 

Four  specimens  are  available,  three  (Nos.  28054-6)  from  San  Andres,  Vera¬ 
cruz,  and  one  (No.  28057)  from  4  miles  west  of  Boca  del  Rio,  Veracruz.  The 
three  from  San  Andres  Tuxtla  are  topotypes,  but  unfortunately  no  adult  males  are 
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FIG.  5.  Enyaliosaurus  quinquecarinatus  (Gray),  UIMNH  No.  28041,  male,  Mt. 
Guengola,  near  Tehuantepec,  Oaxaca;  snout-vent  length,  154  mm. 


FIG.  6.  Same  Fig.  5,  except  UIMNH  No.  28039,  female;  snout- vent  length,  122 
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FIG.  7.  Same  as  Fig.  6. 


FIG.  8.  Phrynosoma  asio  Cope,  UIMNH  No.  28042,  Tehuantepec,  Oaxaca;  length 
snout  to  vent,  124  mm. 
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FIG.  9-  Sceloporus  edivardtaylori  Smith,  UIMNH  No.  28050,  female,  base  of  Mt. 

Guengola,  near  Tehuantepec,  Oaxaca;  length  snout  to  vent,  105  mm. 


FIG.  10.  Sceloporus  f.  formosus  Wiegmann,  male,  UIMNH  No.  28053,  crest  of 
mountain  above  Acultzingo,  Veracruz;  length  snout  to  vent  80  mm. 
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FIG.  11.  As  in  Fig.  10,  except  sex,  number  and  size:  female, 
length  snout  to  vent,  69  mm. 


FIG.  12.  Sceloporus  m.  melanorhinus  Bocourt,  young  male, 
Cintalapa,  Chiapas;  length  snout  to  vent,  62  mm. 
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FIG.  13.  As  in  Fig.  12. 


included.  Two  are  adult  females,  the  other,  a  juvenile.  All  three  have  the  dorsolateral 
dark  line  broken  into  a  series  of  spots;  27  lamellae  on  4th  toe;  and  6  enlarged 
central  gulars.  The  femoral  pores  are  17-17,  17-17,  17-18  respectively.  The  upper 
lateral  light  stripe  is  discernible  in  one  female,  not  in  the  others.  Although  some¬ 
what  intermediate  between  A.  u.  amphigramma  and  A.  u.  stuarti,  as  is  to  be 
expected  by  the  occurrence  of  unquestionable  intergrades  nearby,  the  specimens  bear 
out  allocation  of  the  San  Andres  population  with  the  more  northern  populations 
referred  to  as  A.  u.  amphigramma. 

The  single  juvenile  from  Boca  del  Rio  has  5  enlarged  gulars  (one  divided), 
27-28  lamellae,  and  16-16  femoral  pores. 

Cnemidophorus  deppii  deppii  Wiegmann 

No.  28058  was  collected  at  the  base  of  Mt.  Guengola,  Oaxaca,  Jan.  16,  1951. 
It  has  18-17  femoral  pores  and  is  42  mm.  in  body  length. 

Cnemidophorus  sacki  gularis  Baird  and  Girard 

Two  specimens  (Nos.  28059-60)  are  from  25.3  miles  south  of  Ciudad  Victoria, 
Tamaulipas,  Jan.  3,  1951.  They  have,  respectively,  femoral  pores  15-14,  17-17  and 
body  lengths  of  54  mm.  and  61  mm. 

Cnemidophorus  sacki  communis  Cope 

A  single  half-grown  specimen  (No.  29691)  from  Acultzingo,  Veracruz,  is 
referred  to  this  subspecies  on  the  basis  of  geographic  probability.  Measuring  only  51 
mm.  snout  to  vent,  the  distinctive  adult  pattern  is  not  evident.  The  narrow  lines 
and  pigmentation  on  hind  limbs  and  ventral  surfaces  of  tail  and  body  agree,  however, 
with  the  condition  in  C.  s.  communis,  the  only  race  to  be  expected  in  the  Acult¬ 
zingo  area. 

Eumeces  tetragrammus  Cope 

A  single  specimen  (No.  28064)  with  a  snout  to  vent  length  of  52  mm., 
is  from  29.8  miles  south  of  Ciudad  Victoria,  Jan.  3,  1951.  It  has  28  scale  rows 
around  the  body,  one  postmental,  and  the  dorsolateral  and  lateral  light  lines  reach 
nearly  to  the  hind  legs.  The  specimen  was  taken  from  under  a  damp,  decaying  log 
at  the  edge  of  a  clearing. 
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FIG.  14.  Mabuya  mabouya  alliacea  Cope,  UIMNH  No.  28063,  4  mi.  W  Boca 
del  Rio,  Veracruz;  length  snout  to  vent,  81  mm. 


Specimens  with  a  single  postmental  will  not  key  out  properly  in  Smith  and 
Taylor  (1950:  161);  an  additional  couplet  for  such  specimens  should  be  inserted 
between  19  and  20,  separating  brevilineatus  from  tetragrammus  since  all  fall  other¬ 
wise  into  brevilineatus. 

Mabuya  mabouya  alliacea  Cope 
(Fig.  14) 

Two  adults  (Nos.  28062-3)  are  from  4  miles  west  of  Boca  del  Rio,  Veracruz, 
Jan.  9,  1951.  Both  have  30  rows  of  scales  around  middle  of  body,  62  scales  from 
chin  to  vent;  the  dorsals  from  parietals  to  rear  margin  of  thighs  are  55,  59. 
Respectively,  they  measure  63  and  81  mm.  from  snout  to  vent. 

Numerous  specimens  were  uncovered  by  peeling  loose  bark  from  standing  or 
fallen  dead  trees. 

The  subspecies  has  not  previously  been  illustrated. 

Scincella  assata  taylori  (Oliver) 

A  single  specimen  (No.  28065)  was  collected  4.2  miles  north  of  Matias 
Romero,  Oaxaca,  Jan.  16,  1951.  It  measures  45  mm.  from  snout  to  vent.  Dorsal 
scale  rows  are  74,  scale  rows  around  body,  30;  here  are  no  nuchals,  and  the  limbs 
when  adpressed  are  separated  by  8  scales. 

Definite  determination  of  the  natural  population  of  which  this  specimen  is  a 
sample  is  of  course  impossible  on  the  basis  of  a  single  specimen.  This  individual 
does,  as  a  matter  of  fact,  agree  perfectly  with  the  characters  of  S.  a.  assatum,  but 
since  four  others  from  virtually  the  same  spot  are  recorded  (Smith,  1949:  40)  as 
agreeing  well  with  S.  a.  taylori,  we  assign  this  individual  to  the  same  race.  It  comes 
from  a  locality  no  nearer  the  known  range  of  S.  a.  assatum  than  the  others  (which 
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were  taken  only  about  one  mile  north  of  Matias  Romero),  yet  there  remains  a 
possibility  that,  in  an  area  like  this  in  which  small  distances  mean  so  much  in 
biogeography,  S.  a.  assatum  may  actually  occur  northward  in  a  narrow  inland  belt 
from  the  vicinity  of  Tonala,  Chiapas  (where  intergrades  are  known)  to, an  area 
north  of  Matias  Romero.  Further  collections  will  be  required  to  determine  which, 
if  either,  assumption  is  correct.  On  the  basis  of  the  little  evidence  now  available,  it 
seems  most  likely  that  the  present  specimen  is  a  sample  from  essentially  the  same 
population  as  Smith’s  specimens.  This  population  now  appears  to  be  most  like 
S.  a.  taylori. 

Abronia  taeniata  graminea  (Cope) 

An  adult  male  (No.  28061)  is  from  the  mountain  crest  above  Acultzingo, 
Veracruz.  It  is  112  mm.  from  snout  to  vent  and  has  27  dorsal  scale  rows  and  a 
minimum  of  4  nuchal  scales  in  a  transverse  row. 

Gymnophthalmus  sumichrasti  (Cope) 

One  specimen  (No.  28066)  is  from  km.  777  northwest  from  Tehuantepec, 
on  the  Oaxaca-Tehuantepec  highway,  Oaxaca.  It  has  13  scales  around  middle  of 
body,  and  the  dorsals  number  37  from  occiput  to  base  of  tail. 

Matrix  valida  valida  (Kennicott) 

An  adult  female  (No.  28920)  is  from  Acapulco,  Guerrero.  It  has  132  ventrals, 
an  incomplete  tail,  21-19-17  scale  rows  with  reduction  occurring  opposite  ventrals 
10  and  72  on  left  and  opposite  6  and  73  on  right,  8-8  supralabials,  9-10  infralabials, 
1-3  oculars,  1-3(2)  temporals.  The  nasal  scale  appears  to  be  divided.  The  pattern 
is  obscure  but  apparently  characteristic  of  this  race. 

Conant  (1946:  258)  has  pointed  out  that  the  Guerrero  population,  or  part 
of  it,  may  be  subspecifically  distinct.  This  specimen  conforms  with  some  of  the 
peculiarities  of  the  single  individual  described,  but  not  with  others.  The  reduction 
in  ventral  and  infralabial  counts  is  shared  by  each,  but  the  present  specimen  ap¬ 
pears  to  have  a  divided  nasal  and  normal  dorsal  scales.  Still  further  specimens  will 
be  necessary  to  conclusively  establish  the  status  of  this  southern  population. 

Ninia  diademata  Baird  and  Girard 

One  male  (No.  28512)  is  from  San  Andres  Tuxtla,  Veracruz,  Jan.  14,  1952. 
It  has  19-19-19  scale  rows,  of  which  the  lowermost  and  3-7  vertebral  rows  are 
somewhat  enlarged;  131  ventrals;  101  subcaudals;  1-1  preoculars,  wedged  between 
labial,  loreal  and  orbit;  2-2  postoculars;  6-6  upper  labials;  7-7  lower  labials; 
1(2) -2  temporals.  The  total  length  is  303  mm.,  the  tail  111  mm.  This  specimen 
actually  represents  a  new  subspecies,  the  description  of  which  will  appear  elsewhere. 

Coniophanes  imperialis  clavatus  (Peters) 

A  single  young  female  (No.  28025)  from  4.2  miles  north  of  Matias  Romero, 
Oaxaca  (on  Atlantic  slopes  of  the  Isthmus)  collected  Jan.  16,  1951,  from  among 
rocks,  is  the  only  one  we  have  ever  observed  of  this  species  without  a  clearly-defined 
median  dorsal  dark  stripe,  although  Bailey  ( 1939:37 )  records  this  variation  in 
C.  i.  clavatus.  The  pattern  is,  as  a  matter  of  fact,  very  light  in  this  individual;  all 
markings  are  weak,  and  the  middorsal  stripe  is  so  faint  as  to  be  discernible  only 
on  close  inspection.  As  before  noted  ( Smith,  1943:  406) ,  the  lower  half  of  the 
lateral  dark  zone  is  distinctly  lighter  than  the  upper  half  of  the  anterior  part  of  the 
body  (as  in  C.  i.  copei  throughout  the  body),  but  not  so  on  the  posterior  part. 

Scale  counts  are  typical :  19-19-17,  ventrals  128,  tail  incomplete,  oculars  1-2, 
temporals  1-2,  labials  8-10.  Snout-vent  length  251  mm. 

Coniophanes  piceivittis  piceivittis  Cope 
(Fig.  15) 

A  single  male  (No.  28024)  was  collected  at  the  base  of  Mt.  Guengola,  Oaxaca, 
under  a  large  stone  on  a  wooded  hillside.  It  is  typical  of  the  race,  having  23-25-19 
scale  rows,  165  ventrals,  91  caudals,  1-2  preoculars,  2-2  postoculars,  1-2  temporals, 
8-8  supralabials  and  10-10  infralabials.  Total  length,  257  mm.,  tail  68  mm.  Even 
at  this  small  size  the  supraanal  keels  are  in  faint  evidence.  The  lateral  dark  stripe 
covers  four  entire  scale  rows,  and  the  edges  of  the  adjacent  rows,  at  midbody.  The 
dorsolateral  light  stripe  is  interrupted  on  both  sides  at  nape. 

Four  representatives  of  the  piceivittis  group  are  now  known  from  Mexico.  They 
are  more  or  less  equally  distinct,  and  all  are  allopatrically  distributed.  The  proposal 
(Hall,  1951)  of  one  (C.  p.  taylori )  as  a  subspecies  of  C.  piceivittis  is  not  con- 
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sistent  with  the  current  policy  of  recognition  of  the  others  (C.  frangivirgatus,  C. 
schmidt)  as  distinct  species,  but  is  probably  more  nearly  correct. 

Entire  specimens  have  not  before  been  illustrated. 

Conophis  lineatus  lineatus  (Dumeril,  Bibron  and  Dumeril) 

A  badly  damaged  specimen  (No.  28023)  was  found  dead  on  the  road  6  miles 
southeast  of  Boca  del  Rio,  Veracruz,  Jan.  8,  1952.  It  is  a  male  with  66  caudals, 
8-8  supralabials,  and  2-?  preoculars.  The  pattern  is  much  as  previously  described 
(Smith,  1941:  122)  except  that  the  narrow  dark  stripe  said  to  occupy  the  6th  scale 
row  does  so  only  on  the  posterior  part  of  the  body,  and  is  situated  on  the  7th 
throughout  the  anterior  portion  of  the  body  which  has  19  scale  rows.  The  dark 
stripe  situated  on  the  7  th  row  posteriorly  lies  on  the  8th  row  anterior  to  the  position 
of  loss  of  the  4th  scale  row,  although  the  stripe  is  short  as  described  and  fails  to 
extend  onto  the  anterior  third  of  the  body.  The  ends  of  the  ventrals  are  only 
faintly  spotted. 

This  is  apparently  the  third  locality  known  for  this  subspecies. 

Conophis  vittatus  viduus  Cope 
(Fig.  16) 

A  single  adult  female  (No.  29692)  is  from  Tehuantepec,  Oaxaca,  collected  in 
early  1952.  It  is  a  typical  example  with  an  undivided  middorsal  stripe,  21-19-17 

scale  rows,  170  ventrals,  56  subcaudals,  7-7  supralabials,  9-10  infralabials,  1-1 

preoculars,  2-2  postoculars,  total  length  415  mm.,  tail  length  96  mm. 

Entire  examples  have  not  before  been  illustrated. 

Dryadophis  melanolomus  tehuanae  Smith 

A  single  juvenile  female  (No.  28027)  is  from  the  vicinity  of  Escurano,  Cerro 
San  Pedro,  Oaxaca,  Jan.  20,  1951.  It  is  typical  of  the  subspecies,  having  17-17-15 
scale  rows,  188  ventrals,  102  subcaudals,  9-10(11)  labials,  1-2  oculars,  2-2  tem¬ 
porals.  Total  length  412  mm.,  tail  111  mm.  There  are  64  median  dark  spots  on 
body,  all  1  V^-2  times  as  long  as  interspaces,  becoming  indistinct  posteriorly,  and 
extending  laterally  to  the  3rd  or  4th  scale  row;  alternating  with  these  is  a  series  of 
spots  approximately  the  same  length  as  the  dorsal  ones,  not  or  barely  extending 
onto  ventrals.  The  ventral  surface  of  head  and  anterior  part  of  belly  are  marked 

with  a  distinctly  checkered  pattern  of  black  and  white. 

This  specimen  substantiates  the  validity  of  D.  m.  tehuanae,  having  even  fewer 
caudals  (by  one)  than  previously  recorded. 

Elaphe  triaspis  intermedia  (Boettger) 

(Fig.  17) 

The  single  male  specimen  (No.  27575)  was  taken  near  Tenango,  Oaxaca,  at 
an  elevation  of  over  5000  feet. 

It  measures  1048  mm.  in  total  length  with  a  tail  length  of  249  mm.,  and 
has  29-33-21  scale  rows,  258  ventrals,  107  subcaudals,  1-1  preocuiars,  2-2  post¬ 
oculars,  8-8  supralabials  and  11-11  infralabials. 

The  ground  color  in  life  was  olive-green.  The  lateral  posterior  edges  of  most 
scales  were  marked  with  white  while  the  base  of  each  was  black. 

No  other  photograph  of  this  subspecies  has  been  published. 

Leptodeira  maculata  (Hallowell) 

(Fig.  18) 

Of  the  two  specimens  preserved,  one  was  taken  at  Acapulco,  Guerrero  (No. 
28022),  Jan.  23,  1951,  the  other  near  the  edge  of  Rio  Hondo,  north  of  Mt.  Guen- 
gola,  near  Tehuantepec,  Oaxaca  (No.  27562),  Jan.  17,  1951.  With  the  latter,  several 
others  of  the  same  species  were  found,  all  under  stones.  The  former  was  discovered 
within  a  decayed  hollow  tree  limD  lying  at  the  edge  of  a  swamp. 

The  scale  lows  are,  respectively,  21-23-17,  21-23-17;  ventrals,  174,  176;  caudals 
71  ($),  64  ($);  supralabials  ? -8,  8-8;  infralabials  10-10,  10-10;  preoculars  ?-?, 
2-2;  postoculars  2-2;  temporals  1-2,  1-2;  blotches  on  body  33,  33;  blotches  on  tail 
17,  15;  total  length  364  mm.,  522  mm.;  tail  80  mm.,  101  mm. 

These  snakes  are  voracious  eaters,  feeding  in  the  wild  upon  frogs,  fish  and 
Cnemidophorus,  and  in  captivity  also  upon  Sceloporus  and  Anolis. 

Taylor  (1939:  pis.  31-33)  has  published  several  photographs  of  different 
specimens  of  this  species,  but  none  of  living  specimens;  the  species  is  furthermore 
highly  variable  and  the  variations  are  worthy  of  record. 
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FIG.  15.  Coniphanes  p.  piceivittis  Cope,  UIMNH  No.  28024,  base  of  Mt.  Guengola, 
near  Tehuantepec,  Oaxaca;  total  length,  257  mm. 


FIG.  16.  Conophis  vittatus  viduus  Cope,  UIMNH  No.  29692,  Tehuantepec,  Oaxaca; 
total  length  1048  mm. 
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FIG.  17.  Elaphe  triaspis  intermedia  (Boettger),  UIMNH  No.  27575,  Tenango, 
Oaxaca,  at  elevation  over  5000  feet;  total  length  249  mm. 


FIG.  18.  Leptodeira  m^aculata  (Hallowell),  UIMNH  No.  27562,  Rio  Hondo, 
Oaxaca; '  total  -  length  522  mm. 
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FIG.  19.  Leptodeira  mystacina  Cope,  UIMNH  No.  27563,  km.  777  northwest  of 
Tehuantepec,  Oaxaca;  total  length  451  mm. 


Leptodeira  mystacina  Cope 
(Fig.  19) 

Two  adults,  a  male  and  female  (Nos.  25763-4)  were  collected  Jan.  18,  1951, 
in  the  state  of  Oaxaca  near  kilometer  777  northwest  of  Tehuantepec  on  the  Oaxaca- 
Tehuantepec  Highway.  They  were  found  at  night  crawling  over  a  rock  wall, 
apparently  foraging  for  Phyllodactylus.  which  were  seen  in  numbers  at  that  time. 

Both  have  19-19-17  scale  rows,  196  ventrals,  8-10  labials,  and  2-2  postoculars. 
Other  characters  are,  respectively,  caudals  67-68;  preoculars  2-1,  2-2;  dorsal  body 
bands  12,  11;  tail  bands  5-5;  total  length  511  mm.,  451  mm.;  tail  length  108  mm., 
92  mm. 

During  the  several  months  that  one  of  the  specimens  (No.  27564)  was  kept 
alive  at  the  San  Antonio  Zoo,  it  was  noted  on  several  occasions  that  at  night  the 
light  colored  bands  of  this  snake  appeared  opaque  and  markedly  lighter  in  color 
than  during  the  day.  The  change  was  striking.  When  first  observed,  it  was  mistakenly 
presumed  the  snake  was  becoming  opaque  preparatory  to  shedding  of  the  skin, 
but  subsequent  observations  proved  this  was  not  so,  since  the  bands  assumed  their 
normal  shade  of  gray  on  each  of  the  mornings  following  the  nocturnal  occurrences. 
Unfortunately,  the  snake  died  before  further  observation  or  photographs  of  this 
unusual  color  change  could  be  made. 

Mr.  Robert  Snedigar  of  the  Brookfield  Zoo  relates  that  somewhat  similar  color 
changes  have  been  observed  also  in  captive  Python  reticulatus. 

It  has  been  stated  (Atsatt,  1939)  that  natural  color  changes  in  lizards  may 
be  a  response  to  one  or  more  of  the  following  factors:  light,  heat,  excitement  and 
death,  but  there  is  no  information  to  indicate  that  the  same  factors  will  elicit  a 
similar  response  in  snakes.  On  the  contrary,  snakes  are  generally  regarded  as  incapable 
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FIG.  20.  Manolepis  putnami  (Jan),  UIMNH  No.  28037,  female,  Tehuantepec, 
Oaxaca;  snout-vent  length  543  mm. 


FIG,  21.  Same  as  Fig.  20,  except:  male,  alive  at  present  writing;  snout-vent  length 
386  mm.  (total  length  401  mm.). 
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of  color  changes,  in  correlation  with  the  supposedly  subterranean  habits  of  their 
ancestors,  although  Rahn  (1941)  has  shown  that  the  pars  intermedia  of  the  pituitary 
does  have  some  effect  under  experimental  conditions.  It  is  highly  improbable  that 
any  of  the  factors  influencing  lizards  was  responsible  for  the  lightening  of  colors  in 
the  captive  specimen.  The  color  change  observed  in  mystacina  is  certainly  not  a 
thermoregulatory  response,  since  only  negligible  temperature  variations  occurred  in 
the  reptile  house  during  the  time  the  snake  was  confined  there.  That  the  change  was 
due  to  excitement  is  also  not  likely,  for  the  specimen  was  seldom  handled,  and  had 
in  no  way  been  disturbed  prior  to  the  observed  chromatic  changes.  No  direct 
natural  light  reached  the  snake,  and  it  is  doubtful  that  a  200-watt  incandescent  globe, 
burning  12  feet  from  the  specimen,  caused  a  change.  In  the  absence  of  more  detailed 
observation,  we  can  offer  no  theories  concerning  the  significance,  if  any,  of  this 
phenomenon. 

No  illustration  of  an  entire  specimen  of  this  species  has  before  been  published. 

Manolepis  putnami  (Jan) 

(Figs.  20,  21) 

Two  adult  specimens  are  from  the  vicinity  of  Tehuantepec,  Oaxaca.  A  male, 
still  alive  at  the  present  writing,  eventually  will  be  placed  in  the  collection  of  the 
Museum  of  Natural  History  at  the  University  of  Illinois.  On  March  1,  1952,  this 
snake  had  a  body  length  of  386  mm.  and  a  tail  115  mm.  long.  No.  28037  is  a 
female  with  a  snout  to  vent  length  of  543  mm. 

Both  agree  in  having  19-19-15  dorsal  scale  rows,  1-1  preoculars,  2-2  post¬ 
oculars,  8-8  upper  labials,  9-9  lower  labials  and  1+2  temporals.  The  female  further 
has  178  ventrals  and  55+  subcaudals,  while  the  male  possesses  167  ventrals  and 
66  subcaudals. 

Comparison  of  living  male  and  female  M.  putnami  shows  that  this  species 
exhibits  remarkably  distinct  sexual  dimorphism  in  color  and  pattern,  a  condition 
rare  among  snakes.  Hartweg  and  Oliver  (1940)  note  the  sexual  dimorphism  in 
anterior  ventral  color  of  tlvs  soec*>s  but  give  onlv  slight  attention  to  the  equally 
great  difference  in  dorsal  color  and  markings  between  the  sexes. 

In  life,  the  female  has  a  gravish  ground  color.  There  is  a  light  brown  mid¬ 
dorsal  stripe,  one  scale  and  two  half  scales  wide,  bordered  on  either  side  by  n 
narrower  line  of  dark  brown,  one  half  scale  wide.  A  series  of  small,  widely  spaced 
dark-brown  spots  is  located  dorsolaterally.  while  below  this  is  a  rather  poorly 
defined  narrow  brown  line,  less  than  one  half  scale  wide.  Posteriorly  this  marking 
appears  as  two  lines.  Ventrolaterally  is  a  broad  light-brown  stripe,  involving  the 
outer  edges  of  the  ventrals  and  first  two  scale  rows.  The  ventrum  has  heavily  stippled 
longitudinal  streaks,  particularly  on  the  anterior  portion.  The  chin  is  completely 
black. 

The  color  of  the  living  male  is  as  follows:  Ground  color  tan;  a  middorsal  stripe 
of  dark  brown,  three  and  two  half  scales  wide,  the  outer  edges  slightly  darker;  a 
dorsolateral  series  of  minute  black  spots  on  6th  scale  row;  a  few  similar  but  widely 
separated  soots  along  4th  row  of  scales:  entire  ventrum  immaculate  and  the  same 
shade  as  the  dorsal  ground  color.  Although  this  specimen  has  been  in  captivity 
for  over  a  year,  there  has  been  no  perceptible  change  in  its  color  or  markings. 

In  captivity  putnami  feeds  readily  noon  Anolis  carolinensis,  which  are  seized 
and  retained  in  the  mouth  for  several  minutes  prior  to  ingestion.  Occasionally  the 
snake  places  one  or  two  coils  about  the  prey  to  lessen  the  effects  of  the  lizard’s 
struggle. 

So  far  as  we  are  aware,  marked  sexual  dichromatism  occurs  in  no  other  species 
of  snake  in  this  hemisphere.  Angel  (1950:  240)  cites  its  occurrence  in  5  species  of 
the  eastern  hemisphere  ( Ahlahss  baliodirus,  P  sammodynastes  pulvemlentus,  Tri- 
meresums  puniceus,  Viper  a  aspis  and  V.  hems). 

Specimens  of  this  species  have  not  previously  been  illustrated. 

Masticophis  mentovarius  mentovarius  (Dumeril,  Bibron  and  Dumeril) 

A  large  male  (No.  28019)  is  from  Tehuantepec,  Oaxaca.  It  has  19-17-13  scale 
rows,  192  ventrals,  7-7  supralabials  (4th  entering  orbit),  10-10  lower  labials,  2-2 
oculars. 

Salvador  a  lemniscata  (Cope) 

Three  specimens  from  the  vicinity  of  Tehuantepec  (Nos.  27567,  27573-4) 
agree  generally  with  Bogert’s  description  of  this  form  (1939). 

All  agree  in  the  following  scale  characters:  scale  rows  19-17-13;  supralabials 
9-9;  preoculars  1-1;  postoculars  2-2;  fifth  and  sixth  labials  entering  orbit.  Other 
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FIG.  22.  Toluca  lineata  varians  (Jan),  UIMNH  No.  28032,  of  mountain  above 
Acultzingo,  Veracruz;  total  length  222  mm. 


data  are,  respectively,  ventrals  203  female,  202  male,  208  female;  caudals  118,  138, 
84;  infralabials  12-12,  13-12,  12-12;  temporals  2-2-2,  2-3/2 -2,  2-2-3;  total-tail 
length  1298-379  mm.,  1227-392  mm.,  952-229  mm. 

The  frontal  is  in  contact  with  the  preocular  on  both  sides  in  one,  on  one  side 
in  one,  and  is  completely  separated  from  it  on  both  sides  in  the  other. 

Slenorrhina  freminvillii  apiata  Cope 

A  single  female  (No.  28026)  is  from  Tuxtla  Gutierrez,  Chiapas,  a  locality 
several  miles  farther  within  the  Atlantic  drainage  area  than  that  (12  miles  north  of 
Ocozocoautla )  from  which  an  intergrade  population  between  S.  f.  lactea  and  S.  f. 
apiata  was  previously  recorded  (Smith,  1946:  72-73).  This  specimen  is  completely 
typical  of  S.  f.  apiata,  as  indeed  the  entire  population  of  this  locality  may  be 
expected  to  be.  In  error,  a  locality  (Montecristo,  Chiapas)  unquestionably  assignable 
to  this  race  was  listed  for  the  Pacific  slope  race,  S.  /.  lactea,  in  Smith  and  Taylor 
(1945:  133).  Thus  two  localities  are  known  for  typical  S.  f.  apiata  in  Chiapas,  as 
well  as  one  locality  for  an  intergrade  population,  and  another  race  is  added  to  the 
list  of  Chiapas  reptiles. 

The  specimen  has  17-17-17  scale  rows,  171  ventrals,  29  subcaudals,  1-1 
preoculars,  2-2  postoculars,  7-7  supralabials,  8-8  lower  labials,  1-1  loreals,  total 
length  of  389  mm.,  tail  45  mm.  The  ground  color  is  gray,  all  dorsal  scales  have 
a  black  spot  at  base,  there  is  an  irregular  dark  post-temporal  stripe,  and  the  venter 
is  unpigmented. 

Toluca  lineata  lineata  Kennicott 

A  single  male  (No.  28036)  is  from  12.4  miles  south  of  Zimapan,  Hidalgo, 
collected  Jan.  5,  1951.  The  pattern  is  dimly  lined;  ventrals  120,  caudals  38,  labials 
7-7,  loreal  well  developed,  second  supralabial  separated  from  preocular.  The  pattern 
is  of  the  reddish  phase,  and  the  venter  is  unpigmented. 
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Toluca  lineata  varians  (Jan) 

(Fig-  22) 

Five  specimens  (Nos.  28031-5)  are  from  the  mountain  slopes  near  the  crest 
above  Acultzingo,  Veracruz,  where  they  were  found  under  stones.  Most  of  Taylor 
and  Smith’s  series  (1942:  349-350)  came  from  the  same  locality. 

These  agree  in  most  respects  with  the  description  of  this  race  (loc.  cit.) .  One 
male  has  two  fewer  ventrals  (117)  than  previously  noted.  Respectively,  the  ventrals 
are  1173,  119  3,  128$,  128?,  131?;  subcaudals  38,  38,  32,  31,  34;  labials  7-7 
in  all  save  one  with  3rd  and  4th  supralabials  fused  on  one  side,  and  one  with 
6-7  infralabials.  Scale  rows  17- 17- 17  in  all;  second  supralabial  separated  from  pre¬ 
ocular  on  both  sides  of  three,  on  one  side  in  one,  neither  side  in  one;  loreal 
present  in  all. 

The  accompanying  photograph  is  somewhat  clearer  than  those  of  preserved 
specimens  from  the  same  locality  shown  by  Taylor  and  Smith  (1942-  pis.  31,  34). 

Trimorphodon  biscutatus  biscutatus  (Dumeril,  Bibron  and  Dumeril) 

A  single  subadult  male  collected  Jan.  18,  1951  (No.  28021)  is  from  Km. 
777  northwest  from  Tehuantepec  on  the  Oaxaca-Tehuantepec  highway,  Oaxaca. 
Scale  rows  25-25-17,  ventrals  251,  caudals  90,  supralabials  9-9,  infralabials  13-13, 
oculars  3-3. 

Micrums  af  finis  af finis  (Jan) 

An  aberrant  specimen  (No.  27570)  was  found  dead  on  the  road  between 
Jalapa  and  Veracruz,  in  the  state  of  Veracruz. 

There  are  18  black  bands  on  the  body.  Most  of  these  are  incomplete  and 
appear  as  small  oval  saddles.  The  first  body  band  following  the  black  nuchal  band 
completely  encircles  the  body,  narrowing  below  to  a  width  a  little  in  excess  of  one 
ventral  scute.  The  second  band  extends  down  one  side  of  the  body,  terminating 
midventrally  and  occupying  the  width  of  two  ventral  scutes.  Most  of  the  remaining 
body  bands  extend  laterally  on  either  side  to  the  4th  row  of  scales;  those  near 
the  tail  are  a  little  wider.  The  last  body  band  is  similar  to  the  first,  extending 
onto  the  ventrals  from  only  one  side.  Five  broad  black  bands  completely  encircle 
the  tail. 

The  scale  rows  are  15-15-15;  ventrals  215;  caudals  36;  supralabials  7-7;  infra¬ 
labials  7-7;  preoculars  1-1;  postoculars  2-2. 

Bothrops  dunni  (Hartweg  and  Oliver) 

(Fig.  23) 

Three  males  are  available,  one  (No.  28030)  from  San  Antonio,  the  other 
from  Escurano  (Nos.  28028-9),  Cerro  San  Pedro,  Oaxaca.  Scale  rows  25-23-19, 
23-23-19,  25-24- (19)21;  ventrals  144,  147,  147;  caudals  44,  41,  35;  labials  9-10, 
10- (11) -10,  10  ( 1 1 ) -10;  total  length,  367  mm.,  405  mm.,  387  mm.;  tail  length 
57  mm.,  58  mm.,  50  mm.  The  middle  and  lower  preoculars  are  nearly  equal  in 
size,  and  the  middle  enters  orbit  in  all,  the  lower  in  one.  The  pattern  is  typical,  save 
that  in  one  (No.  28029)  the  lateral  spots  are  fused  together  anteriorly  to  form 
a  stripe  extending  to  the  31st  ventral  (see  fig.). 

In  captivity  this  species  feeds  upon  Anolis  carolinensis,  Urosaurus,  Sceloporus 
olivaceus,  Leptotyphlops  dulcis  and  Tantilla  gracilis. 

The  species  has  not  previously  been  illustrated. 
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MISSION 

Super-Surface 

LINERS 

with 

SATIN  FINISH 


MISSION 
Silver  Top 

SLUSH  PUMP  VALVE 


MISSION 
Super-Service 
SLUSH  PUMP  VALVE 


jtfissiori  manufactures 
a  complete  line 
of  parts 
for  the 
smallest 
or  the 
largest 
mud  pump 
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Fluid  end 
PISTON  with 
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Self-Sealing 
GLAND  PACKING 
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THIS  CAMERA  HAS  CHANGED 
A  LOT  OF  FIELD  PRACTICES !  ! 


Due  to  the  unitized  construction  of  Gen¬ 
eral’s  Oscillograph,  every  General  crew  can 
easily  and  quickly  accomplish  its  own  field 
maintenance  equal  to  laboratory  servicing. 

Lamp  replacement,  for  example,  can  be 
made  through  access  doors  in  the  front  panel. 
Both  the  galvanometer  and  timing  lamps  are 
©f  the  prefocus,  plug-in  type  and  no  focusing 
or  positioning  adjustments  are  required. 

The  other  important  elements  of  the 
camera  can  be  changed  in  the  field  in  two 
minutes  or  less:  camera  light  bulbs,  tuning 
fork  amplifier,  galvanometer  elements,  paper 
magazines,  timing  motor  assembly,  and  paper 
drive  motor  assembly. 

Specifically  designed  to  improve  and  speed 
seismograph  surveys  under  all  field  conditions 
and  to  minimize  delay,  General’s  unitized 


construction  design  oscillograph  is  one  of  the 
developments  which  has  resulted  from  the 
planned  program  of  equipment  improvement 
to  meet  present-day  needs. 

When  General  crews  are  assigned  to  your 
work,  you  get  full  benefit  of  the  greater  de¬ 
pendability  and  accuracy  of  all  the  new 
General  equipment  which  has  resulted  from 
this  expensive  improvement  program. 
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